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SUMMARY 
Water resources are of critical importance for the development of the natural 
ecosystem including human beings. Increasing environmental pollution caused by 
industrial wastewater particularly in developing countries is of major concern. Many 
industries such as electroplating industries, battery manufacturing, paper and plastics 
etc. use heavy metals also ^ 'consume substantial volumes of water; thereby a 
• * & ' • • 
considerable amount of Jtojac wastewater is geneitated. Many of these heavy metals 
are also toxic and even "carcinogenic and pose a serious threat to living organisms. 
Hence, there is a need to Breat the wastewaters co;itaiiiing toxic heavy metals before 
they are discharged into the water bodies. Many physico-chemical methods like 
reverse osmosis, flocculation, ion exchange, membrjj.c separation, oxidation, etc are 
available for the treatment of heavy metals bearing wastewater. Major drawbacks of 
these methods are high sludge production, handling auxl disposal problems, high cost, 
technical constraints, etc. This has led to search for cost'ctTective and environmenlall)' 
sound techniques for treatment of wastewaters contairiing heavy metals. Adsorption is 
a technically feasible, economically viable and sustainable technology for the 
treatment of heavy metals bearing wastewater. 
The aim of this work is to identify such adsorbents and investigate the physiochemical 
and thermodynamic studies for the removal of heavy metals from aqueous solution. 
This thesis consists of six chapters, which are smnmarized as follows: 
The first Chapter is the introductory chapter which dsals with effects and causes of 
water pollution. In this chapter the Aarious wastewater treatment and separation 
technologies has been discussed. The main focus of the thesis is based on adsorption 
of heavy metals in which kinetics, isotherm and thermodynamic studies are discussed. 
A detail survey of literature (2006- 2012) has been carried out in order to investigate 
the previous work done on the various non conventional adsorbents. 
The second chapter is about the adsorption of Cu^ "^  fioi.i the aqueous solution usiiif: 
the agricultural waste (Mentha). The adsoibent is characterize by FTiR, SE'v), 
elemental analysis point of zero charge and suil'a:.: ,'.ctive groups.l'lie effect of 
various operational parameters such as inilial metal i^n concentration, contact time. 
pH and temperature were studied. The adsorption was best fitted by Freundlicli 
isotherm and followed by pseudo second order kinetic. The values of thermodynamic 
parameters like AG°, AH° and AS° indicated that adsorption was spontaneous and 
endothermic in nature. The rate detennining step is the intra particle diffusion. The 
adsorbed metal could be desorbed upto 90% by O.IN VuCl 
The third chapter describes the adsoiption of Cu^"*" from the aqueous solution usiiig the 
non conventional adsorbent (Black Cumin Seeds). The adsorbent was characterized 
by FTIR, BET and SEM Analysis. The effect of various operational parameters like 
effect of contact time, pH and temperature were studied. The adsorption isotherm was 
studied by using error models (R-Software Version 2.10.1 (2009-12-14)). The 
adsorption data was best fitted by pseudo second order kinetics and Freundlich 
isotherm. The adsorption isotherm data was fitted well with high regression 
coefficient and small error factors. The values of thermodynamic parameters like AG'', 
AH° and AS° indicated that adsorption was spontaneous and endothermic in nature. 
The rate detennining step is the intra particle diffusion. The effect of surfactant and 
ionic strengtli was also studied. Tlie adsorbed metal could be desorbed upto 95% by 
O.IN HCl solution. The adsorbent was found to be promising as the adsorbed can be 
used upto five times without significant loss of adsorjition capacity. 
The Fourth Chapter discuss about the compai-ative study for the adsorption of Cu^ ^ 
and Cd^ * by using the carbon prepared from the fruit waste of (Bael Shell). The 
carbon is prepared by using the shell of Bael and washed to remove the dust and 
impurities. The shell is then kept in muffle furnace at 750 °C for the Ihr. The effect of 
various operational parameters like contact time, pH, concentration, temperature were 
studied. The adsorbent was characterized by FTIR, SEM, BET and Elemental 
Analysis were also carried out. The adsorption isothema was studied by using error 
model (R-Software Version 2.10.1 (2009-12-14)). The adsorption was best fitted by 
pseudo second order kinetic and intraparticle diffusion is rate determining step for 
both Cu'^ '^  and Cd^ "^  . The adsoiption isotherm was best followed by Langmuir 
isotherm for Cu^ ^ and Freundlich isotherm for Cd^ ^ wiih high regression coefficieut 
and small error values. The valuers of thermodynamic parameters like AG'^, AH" and 
AS" indicated that adsorption was spontaneous and endothermic in nature. The 
adsorbed metal could be desorbed upto 90% by 0. IN HCl solution. 
The Fifth chapter is about the adsorption of Pb^ "^  from the aqueous solution using the 
carbon prepared from the low cost adsorbent (Pistachios shell). The carbon is 
prepared by using the shells of pista and washed to remove the dust and impurities. 
The shell is then kept in muffle furnace at 750 °C for the Ihr. The effect of various 
operational parameters like contact time, pH, concentration, adsorbent dosage and 
temperature were studied. The adsorbent was characterized by FTIR, SEM, BET, 
Elemental Analysis, point of zero charge and active sites were studied. The adsorption 
data was best fitted by pseudo second order kinetic, Freundlich and Temkin isotherm 
model. The values of thermodynamic parameters like AG*^ , AH° and AS*' indicated 
that adsorption was spontaneous and endothermic in nature. The adsorbed metal could 
be desorbed upto 82.9% by O.IN HCl solution. 
The Sixth Chapter presents the competitive adsorption of Pb^ "^  on menthe treated 
carbon in single and quaternary system. The carbon is prepared by using the menthe 
waste and washed to remove the dust and impurities. The waste is then kept in muffle 
furnace at 750 °C for the Ihr. The effect of various operational parameters like contact 
time, pH, concentration, adsorbent dosage and temperature were studied. The 
adsorbent was characterized by FTIR, SEM, BET, Elemental Analysis and point of 
zero charge were also studied. The equilibrium was attained in 180 mints. Die 
maximum adsorption was observed at pH 6. The adsorption isothenn studies shows 
that data is fitted well with Freundlicli and Temkin isotherm in single system whereas 
in case of quaternary system it follows the Temkin isotherm. The kinetics data shows 
that boundary layer diffusion is the rate controlling step for the adsorption process and 
it is dominant when Pb^ "^  ion concentration is higher. The values of thermodynamic 
parameters like AG**, AH° and AS° indicated that adsorption was spontaneous and 
endothermic in nature. The adsorbed metal could be desorbed upto 90% by 0.1 N HCl 
solution. 
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NOMENCLATURE AND UNITS 
Nomenclature 
BIS Bureau of Indian Standard 
BET Brunauer-Emmett-Teller 
Bl Heat of Adsorption 
b Langmuir constant for energy of adsorption (I/mg) 
Ce Equilibrium concentration of adsorbate in the solution (mg/1) 
Co Initial concentration of adsorbate in the solution (mg/1) 
C Ae or Ce Equilibrium concentration of adsorbate on the adsorbent surface (mg/1) 
C Amount of adsorbate in the solution (mg/1) 
DDW Double Distilled Water 
EPA Enviromnent Protection Agency 
FTIR Fourier transform infrared spectroscopy 
AG° Standard free energy change (kJ/mole) 
AH° Standard enthalpy change (kJ/mole) 
Kf Freundlich adsorption constant( 1 /mg) 
Kc Equilibrium constant 
K1 Lagergren -pseudo- first-order rate constant (1 /min) 
K2 Pseudo-second-order rate constant (g/mg-min) 
Kt Equilibrium binding constant (L/mg) 
m Amount of adsorbent (g) 
n Freundlich exponent 
pHz Point of zero charge 
qe Amount of adsorbate adsorbed per unit weight of adsorbent at 
equilibrium or adsorption capacity (mg/g) 
qe(exp) Experimental value (mg/g) 
qe(theo) Theoretical value (mg/g) 
q or qt Amount of adsorbate adsorbed per unit weight of adsorbent at (mg/g) 
qm Monolayer adsorption capacity (mg/g) 
R Universal gas constant (8.314 J/ mol K) 
AS° Standard Entropy change (kJ/ mole K) 
SEM Scanning electron microscopy 
9/dmenclatureAntf1^nits 
RSE Residual Standard Error 
T Temperature (K or °C) 
t Time (min) 
V Volume of solution (litre) 
P Constant for mean free energy of adsorption per mole of the adsorbate 
(mol^  kr\ 
e Polanyi potential. 
Units 
°C 
cm 
g 
g/mg-min 
hrs 
J /mole-K 
K 
kJ/mol-K 
kJ/mol 
1/mg 
1/g 
mg/1 
mg/m 
min 
ml 
mole/1 
mmols/g 
mg/g 
mM 
M 
1/min 
rpm 
^g 
Degree Celsius 
Centimeter 
Gram 
Gram per milligram-minute 
Hours 
Joules per mole-Kelvin 
Kelvin 
Kilo joule per mole- Kelvin 
Kilo joule per mole 
Litre Per milligram 
Litre per gram 
Milligram per litre 
Milligram per metre cube 
Minute 
Millilitre 
Moles per litre 
Millimoles per gram 
Milligram per gram 
Millimoles 
Moles 
Per minute 
Revolutions per minute 
Microgram 
SUMMARY 
Water resources are of critical importance for the development of the natural 
ecosystem including human beings. Increasing environmental pollution caused by 
industrial wastewater particularly in developing countries is of major concern. Many 
industries such as electroplating industries, battery manufacturing, paper and plastics 
etc. use heavy metals also consume substantial volumes of water; thereby a 
considerable amount of toxic wastewater is generated. Many of these heavy metals 
are also toxic and even carcinogenic and pose a serious threat to living organisms. 
Hence, there is a need to treat the wastewaters containing toxic heavy metals before 
they are discharged into the water bodies. Many physico-chemical methods like 
reverse osmosis, flocculation, ion exchange, membrane separation, oxidation, etc are 
available for the treatment of heavy metals bearing wastewater. Major drawbacks of 
these methods are high sludge production, handling and disposal problems, high cost, 
technical constraints, etc. This has led to search for cost effective and environmentally 
sound techniques for treatment of wastewaters containing heavy metals. Adsorption is 
a technically feasible, economically viable and sustainable technology for the 
treatment of heavy metals bearing wastewater. 
The aim of this work is to identify such adsorbents and investigate the physiochemical 
and thermodynamic studies for the removal of heavy metals from aqueous solution. 
This thesis consists of six chapters, which are summarized as follows: 
The first Chapter is the introductory chapter which deals with effects and causes of 
water pollution. In this chapter the various wastewater treatment and separation 
technologies has been discussed. The main focus of the thesis is based on adsorption 
of heavy metals in which kinetics, isotherm and thermodynamic studies are discussed. 
A detail survey of literature (2006- 2012) has been carried out in order to investigate 
the previous work done on the various non conventional adsorbents. 
The second chapter is about the adsorption of Cu^^ from the aqueous solution using 
the agricultural waste (Mentha). The adsorbent is characterize by FTIR, SEM, 
elemental analysis, point of zero charge and surface active groups.The effect of 
various operational parameters such as initial metal ion concentration, contact time, 
pH and temperature were studied. The adsorption was best fitted by Freundlich 
isotherm and followed by pseudo second order kinetic. The values of thermodynamic 
parameters like AG°, AH° and AS*' indicated that adsorption was spontaneous and 
endothermic in nature. The rate determining step is the intra particle diffusion. The 
adsorbed metal could be desorbed upto 90% by O.IN NaCl. 
The third chapter describes the adsorption of Cu^^ from the aqueous solution using the 
non conventional adsorbent (Black Cumin Seeds). The adsorbent was characterized 
by FTIR, BET and SEM Analysis. The effect of various operational parameters like 
effect of contact time, pH and temperature were studied. The adsorption isotherm was 
studied by using error models (R-Software Version 2.10.1 (2009-12-14)). The 
adsorption data was best fitted by pseudo second order kinetics and Freundlich 
isotherm. The adsorption isotherm data was fitted well with high regression 
coefficient and small error factors. The values of thermodynamic parameters like AG . 
AH° and AS° indicated that adsorption was spontaneous and endothermic in nature. 
The rate determining step is the intra particle diffusion. The effect of surfactant and 
ionic strength was also studied. The adsorbed metal could be desorbed upto 95% by 
O.IN HCl solution. The adsorbent was found to be promising as the adsorbed can be 
used upto five times without significant loss of adsorption capacity. 
The Fourth Chapter discuss about the comparative study for the adsorption of Cu^ "^  
and Cd by using the carbon prepared from the fiiait waste of (Bael Shell). The 
carbon is prepared by using the shell of Bael and washed to remove the dust and 
impurities. The shell is then kept in muffle furnace at 750 °C for the Ihr. The effect of 
various operational parameters like contact time, pH, concentration, temperature were 
studied. The adsorbent was characterized by FTIR, SEM, BET and Elemental 
Analysis were also carried out. The adsorption isotherm was studied by using error 
model (R-Software Version 2.10.1 (2009-12-14)). The adsorption was best fitted by 
pseudo second order kinetic and intraparticle diffusion is rate determining step for 
both Cu^^ and Cd^* . The adsorption isotherm was best followed by Langmuir 
isotherm for Cu"* and Freundlich isotherm for Cd"^ with high regression coefficient 
and small error values. The values of thermodynamic parameters like AO", AH° and 
AS indicated that adsorption was spontaneous and endothermic in nature. The 
adsorbed metal could be desorbed upto 90% by O.IN HCl solution. 
The Fifth chapter is about the adsorption of Pb^ "^  from the aqueous solution using the 
carbon prepared from the low cost adsorbent (Pistachios shell). The carbon is 
prepared by using the shells of pista and washed to remove the dust and impurities. 
The shell is then kept in muffle fiimace at 750 °C for the Ihr. The effect of various 
operational parameters like contact time, pH, concentration, adsorbent dosage and 
temperature were studied. The adsorbent was characterized by FTIR, SEM, BET. 
Elemental Analysis, point of zero charge and active sites were studied. The adsorption 
data was best fitted by pseudo second order kinetic, Freundlich and Temkin isotherm 
model. The values of thermodynamic parameters like AG°, AH*' and AS° indicated 
that adsorption was spontaneous and endothermic in nature. The adsorbed metal could 
be desorbed upto 82.9% by 0.IN HCl solution. 
The Sixth Chapter presents the competitive adsorption of Pb^* on menthe treated 
carbon in single and quaternary system. The carbon is prepared by using the menthe 
waste and washed to remove the dust and impurities. The waste is then kept in muffle 
ftunace at 750 ^C for the Ihr. The effect of various operational parameters like contact 
time, pH, concentration, adsorbent dosage and temperature were studied. The 
adsorbent was characterized by FTIR, SEM, BET, Elemental Analysis and point of 
zero charge were also studied. The equilibrium was attained in 180 mints. The 
maximum adsorption was observed at pH 6. The adsorption isotherm studies shows 
that data is fitted well with Freundlich and Temkin isotherm in single system whereas 
in case of quaternary system it follows the Temkin isotherm. The kinetics data shows 
that boundary layer diffusion is the rate controlling step for the adsorption process and 
it is dominant when Pb^* ion concentration is higher. The values of thermodynamic 
parameters like AG°, AH*' and AS° indicated that adsorption was spontaneous and 
endothermic in nature. The adsorbed metal could be desorbed upto 90% by 0.1 N HCl 
solution. 
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^enemf Introduction 
Chapter I 
The origin of water preceded the evolution of life. In fact, the reaction that makes up 
life, such as the synthesis of proteins and nucleotides occurred in aqueous medium. It 
i.s an excellent solvent that can dissolve a wide variety of ionic and polar substances. 
Thus, it forms a part of biological structure in case of plants and animals. Water is the 
most abundant compound on earth covering three quaiters of the planet's surface. 
Although the total amount of water on earth is enormous. About 0.1%of fresh water 
from rivers and oceans is meant for human use [1]. 
In today's industrialized world, different industries discharge various chemicals into 
the oceans, rivers and other sources of water. When this concentration becomes 
higher, they entered the aquatic bodies making them polluted or cause pollution. 
Pollution is the term defined as the "presence of substances in the ambient atmosphere 
or environment etc. resulting from the activity of men or natural process causing 
adverse effect on the environment" [2J. Pollution is of various types i.e. water 
pollution, air pollution, noise pollution etc. Major problem faced by today's world is 
water pollution which needs to be cured. Water pollution has many causes and 
characteristics and increase in nutrient loading may lead to Eutrophication. Organic 
wastes such as sewage impose high oxygen demands on the receiving water bodies 
leading to oxygen depletion with potentially severe impacts on the whole ecosystem. 
Industries discharge a variety of pollutants in their wastewater including heav>' 
metals, resin pellets, organic toxins, oils, nutrienlo and solids [3-11]. Various 
treatment technologies and wastewater treatment prccessess had been employed lo 
combat the pollution prevailing in the environment. Soine are very successful, fruitful 
and economical for industries which will be discussed later in the chapters. 
1. WATER POLLUTION: EFFECTS AND CAUSES 
Water pollution, is the addition of excess material or heat to \v'atcr making it harmful 
for living organism or makes water unfit for use. Pollutants present in water are 
suspended particles or dissolved compounds or both. The dissolved compounds are 
difficult to remove and hence these taint the v^ater resources more seriously than the 
suspended impurities. Water pollution is a major global problem which requires 
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ongoing evaluation and revision of water resource policy at all levels (international 
down to individual aquifers and wells). It has been suggested that it is the worldwide 
leading cause of deaths and diseases and accounts for more than 14,000 deaths daily 
[12,13]. 
Effects of water pollution: 
• Waterbome diseases like typhoid, amoebiasis, diardiasis, ascariasis, hookworm, 
respiratory infections, hepatitis, encephalitis, gastroenteritis, diarrhea, vomiting, 
and stomach aches. 
• Parkinson's disease, multiple sclerosis, Alzheimer's disease, heart disease and 
even death. 
• Cancer, including prostate cancer and non-Hodgkin's lymphoma 
• Hormonal problems that can disrupt reproductive and developmental processes 
• Damage to the nervous system 
• Liver and kidney damage 
• Damage to the DNA 
• Damage of sea foods chain 
• Damage to people may be caused by vegetable" crops grown /washed with 
polluted water 
Causes of water pollution: 
The specific contaminants leading to pollution in water include a wide spectrum of 
chemicals, pathogens, and physical changes such as elevated temperature and 
discoloration. While many of the chemicals and substances that are regulated may be 
naturally occurring calcium, sodium, iron, manganese etc., the concentration is often 
the key in determining a contaminant or a natural component of water. High 
concentrations of naturally-occuriing substances can have negative impacts on aquatic 
flora and fauna. 
Oxygen-depleting substances may be natural materials, such as plant matter (e.g. 
leaves and grass) as well as man-made chemicals. Other natural and anthropogenic 
substances may cause turbidity (cloudiness) which blocks light and disrupts plant 
growth, and clogs the gills of some fish species [14]. 
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1.2. Water Quality Parameters A number of parameters are considered to check 
the quality of water. Table 1.1 shows the certain parameters with permissible limits as 
prescribed by Bureau of Indian Standard (BIS) for domestic water supplies. 
Table 1.1: Specifications set by BIS for domestic water supplies. 
Parameters 
Colour Hazen unit 
Turbidity-NTU 
pH 
Hardness(CaC03)mg/l 
TDS 
Total hardness 
Anionic detergents 
phenol 
Nitrate(mg/1) 
Chloride(mg/l) 
Flouride (mg/I) 
Arsenic(mg/1) 
Aluminium (mg/1) 
Desirable limit 
5 
5 
6.5-8.5 
0.3 
500 
300 
0.001 
45 
250 
1 
0.05 
0.03 
Permissible limit 
25 
10 
6.5-8.5 
1 
2000 
600 
0.002 
45 
1000 
1.5 
0.05 
0.2 
1.3. Classifications of Water Pollutants: 
Water pollutants are classified into two sources: point and non-point sources. Point 
sources are discharge at specific locations i.e. sewage treatment plants, factories, 
electric power plants, mines and off-shores oil drilling rigs. Non point sources 
discharge pollutants over a wide area through runoff; these include.feedlots, cultivated 
lands, forests, construction sites. They are classified into four categories: 
• Organic pollutants 
• Inorganic pollutants 
• Suspended solids and sediments 
• Radioactive materials 
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1.3.1: ORGANIC POLLUTANTS: 
It is the chemical form of pollutant which is most common. It is caused by the 
naturally occurring compounds like protein, fats, carbohydrates as well as synthetic 
compounds like dyes, pesticides etc. they are originated mainly from domestic 
sewage, urban runoff, industrial eftluents (soaps, detergents, pesticides, herbicides), 
farm waste, petroleum hydrocarbons including fiiels (gasoline, diesel fuels), lubricant 
fuel, and fuel combustion byproducts from storm water runoff [15]. These pollutants 
when discharge into water bodies, they are biodegraded by aerobic bacteria making 
these pollutants harmless and simple tending to be self purification of water. The 
biological oxygen demand (BOD) is the amount of Oj required to oxidize a given 
quantity of organic material. Due to the high discharge by the industries, BOD level 
increases leading to exhaustion of di.'?solved O2 making aerobic bacteria die and 
aquatic life perishes [16, 17]. 
1.3.2: INORGANIC POLLUTANTS: 
These includes sulphate, nitrates, phosphates, heavy metals, H2SO4, HNO3, H3PO4 
etc. which are obtained from mines, industrial discharge, i.e. tannery, plating and 
metallurgical operations, fertilizers found in storm water runoff, heavy metals from 
motor vehicles, industries and acid mine drainage [15, 18]. Inorganic acids and alkali 
can do exteinsively damage to water bodies by breaking down into natural buffer 
system and altering its normal pH values. Changes in pH have a profound effect on 
aquatic organism especially fishes. Fresh water fishes and algae usually thrive in the 
pH range 5.0-8.5. Under more acidic and alkaline conditions, the aquatic population 
tends to fall as they destroy aerobic bacteria with no supply of oxygen. Self 
purification is also hindered by presence of heavy metals. 
1.3.3: Suspended solids and Sediments: 
Due to natural erosion of rocks and soil, all bodies of water contains undissolved 
particles called sediments, suspended matter mainly clays, silt, and pulverized rocks 
accumulate in the river which are harmless but when its concentration increases, 
causes problems. Suspended matter in sewage effluents, dairy wastes and coal 
washery residue stones, quarrying stones contain chiefly inorganic suspended solids. 
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Sediments cause problems by filling irrigation ditches and clogging harbors and lakes. 
Sediments and suspended particles exchange cations with the surrounding aquatic 
medium and act as repositories for trace metals such as Cu, Co, Ni, Mn, Cr and Mo 
[19]. Suspended solids such as silt and coal may harm the gills of the fish and causes 
asphy.\iation. When toxic substances like heavy metals and pesticides are released 
into turbid water, the toxins adhere to the suspeiided particles and become 
concentrated in sediments. The self purification system is also retarded due to the 
presence of sediments. 
1.3.4: RADIOACTIVE SUBSTANCES: 
Many radioactive elements are present on earth crust. Many radio nucleoides enter the 
natural water course. When these radionucleoides are taken up by aquatic organism, 
exchange take place with chemically similar element present in aquatic organism, ex-
radioactive strontium -90 and radium 226 replaces calcium, phosphorous-32 adsorbed 
by bones in aquatic animals. Water weeds tend to assimilate strontium-90 and radium 
226 and causes hazardous effect on organism. 
1.4: HEAVY METALS: 
Heavy metals are the chemical elements with a specific gravity 5 times greater than 
the specific gravity of water. Out of 35 metals, 23 are the heavy metals. The specific 
gravity of water is 1 at 4 ^C (39 °F). Simply stated, specific gravity is a measure of 
density of a given amount of a solid substance when it is compared to an equal 
amount of water. Some well-known toxic metallic elements with a specific gravity 5 
or more than 5 times that of water are arsenic, 5.7; cadmium, 8.65; iron, 7.9; lead, 
11.34; and mercury, 13.546 [20]. Various heavy metals like lead, copper, mercury, 
arsenic, chromium, cobalt, vanadium, manganese are toxic in nature and concern for 
human health. Small amount of these metals are common in our diet and environment 
and are good for health but when they exceed the permissible limit they causes health 
hazards and become toxic. Heavy metal toxicity can result in damaged or reduced 
mental and central ners'ous function, lower energy levels, and damage to blood 
composition, lungs, kidneys, liver, and other vital organs. Long-term exposure may 
resuh in slowly progressing physical, muscular, and neurological degenerative 
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processes that mimic Alzheimer's disease, Parkinson's disease, muscular dystrophy, 
and multiple sclerosis. 
1.4.1: Beneficial heavy metals: 
In small quantities, certain heavy metals are nutritionally essential for a healthy life. 
Some of these are referred to as the trace elements (e.g., iron, copper, manganese, and 
zinc). These elements, or some form of them, are commonly found naturally in 
foodstuffs, fruits, vegetables, and in commercially available multivitamin products 
[21]. Diagnostic medical applications include direct injection of gallium during 
radiological procedures, dosing with chromium in parenteral nutrition mixtures, and 
the use .of lead as a radiation shield around x-ray equipment [22]. Heavy metals are 
also common in industrial applications such as manufacture of pesticides, batteries, 
alloys, electroplated metal parts, textile dyes, steel, and so forth [21]. Many of these 
products are in our homes and actually add to our quality of life when properly used. 
1.4.2: Toxic heavy metals: 
Heavy metals become toxic when they are not metabolized by the body and 
accumulate in the soft, tissues. Heavy metals may enter the human body through food, 
water, air, or absorption through the skin. Industrial exposure accounts for a common 
route of exposure for adults. Ingestion is the most common route of exposure in 
children [22]. Less common routes of exposure are during a radiological procedure, 
from inappropriate dosing or monitoring during intravenous (parenteral) nutrition, 
from a broken thermometer [23] or from a suicide or homicide attempt [24]. As a rule, 
acute poisoning is more likely to result from inhalation or skin contact of dust, fumes 
or vapors, or materials in the workplace. However, lesser levels of contamination may 
occur in residential settings, particularly in older homes with lead paint or old 
plumbing [21]. Table 1.2 shows the sources, permissible limits and disorders of some 
of the important heavy metals. 
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generaC Introduction 
These heavy metals have to be removed from the water streams before they are 
discharged by industries into water bodies. To remove these pollutants various 
measured have been taken which are discussed in detail. 
1.5: WASTEWATER TREATMENT: 
The process of removing contaminants from wastewater includes physical, chemical 
and biological processes. The main objective of these processes is to provide 
environmentally safe fluid stream and solid waste disposal (suitable for re-use) [27, 
28]. Sewage is generated by residential, institutional, commercial and industrial 
disposal. The separation and draining of household waste into grey water and black 
water is becoming more common in developing world. With restriction of use of grey 
water for watering plants or recycled for flushing toilets. Various type of sewers like 
combined sewers and sanitary sewers aie being developed. Combined sewers are 
expensive and use for storm water. Various treatment plants are being implemented 
and used by various industries. They are designed and classified into four categories: 
• Preliminary treatment, which involves screening for removal of large objects 
and skimming for the removal of grit. 
• Primary treatment, where suspended solids and colloidal matter are first 
allowed to settle down and then removed. 
• Secondary treatments, where organic pollutant both suspended and dissolved, 
are oxidized in the presence of micro-organisms. 
• Tertiary treatment, which involves the use of number of techniques for 
removing non-biodegradable pollutants, ionic pollutants and trace impurities. 
Stage 1: Preliminary treatment: 
It involves two types of impurities. Firstly, it is for the coarse matter suspended in 
water and secondly it is for the particles which float on the surface. Suspended matter 
is eliminated by screening while floating matter is eliminated by skimming. 
• Screening: The influent sewage water is screened to remove all large objects 
like cans, rigs, stick, plastic packets etc. carried in the sewage stream [29]. It is 
operated with automated mechanical raged bar screens in modem plants while 
manually cleaned screens is been used in small plants. The solids are then 
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collected and disposed off in landfill. Bars screens of various sizes have been 
used according to the plant. If gross solids are not removed they become 
entrained in pipes and moving parts of the treatment plant and can cause 
substantial damage and inefficiency in the process [30]. 
Skimming: Pre-treatment include a sand or grit channel or chamber where the 
velocity of the incoming wastewater is adjusted to allow the settlement of 
sand, grit, stones, and broken glass. Oil, grease and other impurities lighter 
than water can be removed by mechanical skimming. The heavier impurities 
are removed by the compressed air. Its efficiency is increased by acting agents 
like potassium xanthalate with addition of oil and glue which makes the froth 
to be stabilize,so that grit particles does not get detached from bubbles. 
Stage 2: Primary Treatment: 
In the primary sedimentation stage, sewage flows through large tanks, commonly 
called "primary clarifiers" or "primary sedimentation tanks." The tanks are used to 
settle sludge while grease and oils rise to the surface arid are skimmed off. Primary 
settling tanks are usually equipped with mechanically driven scrapers that continually 
drive the collected sludge towards a hopper in the base of the tank where it is pumped 
to sludge treatment facilities [31]. Grease and oil from the floating material can 
sometimes be recovered for saponification. 
The dimensions of the tank should be designed to effect removal of a high percentage 
of the floatable and sludge. A typical sedimentation tank may remove from 50 to 70 
percent of suspended solids and from 30 to 35 percent of biochemical oxygen demand 
(BOD) from the sewage. 
Stage 3: Secondary treatment: 
In this treatment process, the biological content of the sewage is degraded under 
aerobic biological processes. The bacteria and protozoa consume biological soluble 
organic contaminants and binds less soluble fractions into floe. It can be done by 
using trickling filters, rotatory biological contractors and activated sludge. 
Maintenance of secondary treatment is expensive. 
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Stage 4: Tertiary treatment: 
In this process the wastewater treatment process improves the effluent quahty before 
it is discharged into the environment. It is called as polishing treatment. 
Biodegradable effluents, organic (nutrient) and inorganic pollutants (nitrogen, 
phosphorous) are removed by filtration, lagooning. Schematic representation of the 
wastewater treatment flow diagram is shown: 
PRETREATMENT 
OVERFLOW 
^ 1 ^' m«. SCUM 
SECONDARY 
f 
DRY SLUDGE FINISHING 
SLUDGE 
DIGESTION 
DRYER 
1 
^fm^L^id-h^^i li-m'k METHANE 
PROCESS FLOW DIAGRAM OF WASTE TREATMENT PLANT 
After carrying out these stages, if effluent is not purified then further process of 
disinfection and odour control process is carried out. Depending upon the effluent 
properties various technologies are carried out as discussed here. 
L6: Water Purification Technologies: 
Various technologies for the removal of heavy metals and other organic pollutants 
according to the cost and requirement of industries and effluent are discussed. The 
most common water purification technologies may be classified as: 
11 
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Distillation 
Reverse osmosis 
Ion exchange 
Ultrafilteration 
Filtration 
UV radiation 
Adsorption 
1.6.1: Distillation: 
Distillation is one of the oldest methods of water purification. In this method, water is 
first boiled then water vapors are condensed which is then cooled down to room 
temperatures. Most of the contaminants remain behind in the liquid phase. While 
some of the contaminants in organic form whose boiling point is less than 100 "C 
cannot be removed and they are carried over with the water making it concentrated. 
Another disadvantage is of cost, as it requires a lot of energy to remove the 
contaminants from the wastewater. 
1.6.2: Reverse osmosis: 
Reverse osmosis is the most economical method of removing contaminants. It 
removes 90-99% contaminants. It involves an ionic exclusion process. Only solvents 
are allowed to pass through semi permeable membrane with the help of osmotic 
pressure. This process is most fruitful and the water produced by this process is made 
fits for health. The main disadvantage of the process is slow rate of removal of 
contaminants. 
1.6.3: Ion exchange: 
The ion exchange resins are used to remove the ions from the waste water. It is 
categorized into two types i.e. softening and deionization. 
Softening process is a pretreatment method for softening of water. In this sodium ion.s 
are exchanged with calcium and magnesium ions for the softened water. 
Deionization process exchange hydrogen ions for cations and hydroxyl ions for 
anions. The deionization process removes only inorganic completely. It can not 
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remove particles, pyrogens, heavy metals and bacteria. The major disadvantage is 
requires high cost for long term, generate resin particles and culture bacteria 
1.6.4: Filtration: 
There are two form filtration and ultra filtration which is used for recovery of the 
water. These methods have the ability to clarify, concentrate and most importantly to 
remove heavy metals from the effluents [32, 33]. Membrane filtration has some 
special features unrivalled by other methods; resistance to temperature, an adverse 
chemical environment and microbial attack. The specific temperature and chemical 
composition of the wastewater determine the type and porosity of the filter to be 
applied [34]. The main drawbacks of membrane technology are the high investment 
costs, the potential membrane fouling and the production of a concentrated effluent 
bath which needs to be treated [35]. The recovery of concentrated from membranes, 
e.g. recovery of the sodium hydroxide used in the mercerizing step or sizing agents 
such as polyvinyl alcohol (PVA), can attenuate the treatment costs [34]. The major 
disadvantage of this process is that it does not remove dissolved inorganic. 
1.6.5: UV-radiation: 
This treatment is a germicidal treatment for water. Mercury low pressure lamps 
generating 254 nm light is effective for sanitizing water. Now a days lamps in 
combination of 180 nm and 254 nm light are used which reduce organic compounds 
by photo oxidation. With these lamps total organic carbon (TOC) for pure water is 
reduced up to 5 ppb. The drawback of this purification technology is that it decreases 
resistivity and does not remove the colloids and ions effectively. 
1.6.6: Adsorption: 
Adsorption is one of the most important processes for the removal of heavy metals, 
dyes, organic and inorganic pollutants from the wastewater by conventional and non-
conventional adsorbents. Adsorption process is considered better than other 
purification process because of easy operation, cost, covenience and simplicity of 
design. Activated carbon is one of the most widely used conventional adsorbent 
because of high surface area, micro porous structure, high adsorption capacity and 
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high degree of surface reactivity. However, its widespread use in wastewater 
treatment is sometimes restricted due to its higher cost and poor regeneration capacity 
[36, 37]. During the last decades various non-conventional adsorbents are used for the 
removal of heavy metals from the wastewater from the industrial effluents. These 
adsorbents are rice husk [38], wheat straw [39], wheat shell, almond shell [40], 
hazelnut [41], orange peel [42], coffee waste [43], tea waste [44] etc. 
Adsorption process depends upon the nature of adsorbent and the solutions. It is also 
dependent upon the surface area, functional groups, pore sizes, morphology and 
surface charge of the adsorbents. Adsorption properties are dependant upon pH, 
temperature, concentration of the adsorbates, dosages of adsorbent and equilibrium 
time. To understand the mechanism of adsorption process various characterization 
techniques has been used that are: 
The Brunauer-Emmett-Teller (BET) analysis - To determine the pore 
structure and surface area of the adsorbent. 
Fourier Transform Infrared spectroscopy analysis (FTIR) - To 
determine the functional groups present in the adsorbent. 
Elemental anaIysis(C/H/N/0) analysis - To determine the elements 
present like C, H, N, O etc. present in the adsorbent. 
Scanning Electron microscopy - To examine the surface morphology of 
the adsorbent. 
Zeta potential and Zero point charge analysis - To determine the 
surface charge of the adsorbent. 
Transmission Electron Microscopy (TEM) - To determine the shape and 
size of the adsorbent. 
Boehm Titration Analysis - To determine the concentration of 
oxygenated groups of the adsorbent. 
X-Ray Diffraction (XRD) spectroscopy - To determine the amorphous or 
crystalline nature of the adsorbent. 
Thermal Analysis - To determine the thermal stability of the adsorbent. 
Inductively Coupled Plasma Mass Spectrometer (ICP-MS) - To 
determine the impurities composition like Al, Mg, P, Cu, Ca, Mn, T 
present in the adsorbent. 
14 
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1.7: Theoretical Aspects of Adsorption: 
1.7.1: Adsorption: 
The term adsorption is defined as the adhesion of atoms, ions, biomolecules or 
molecules of gas, liquid, or dissolved solids to a surface[45] .This process creates a 
film of the adsorbate (the molecules or atoms being accumulated) on the surface of 
the adsorbent. It differs from absorption, in which a fluid permeates or is dissolved 
by a liquid or solid [46]. The term adsorption was given Keyser in 1881. 
The adsorption is of two types i.e. Physiosorption and Chemisorption. Physiosorption 
is a physical adsorption involving intemiolecular forces (Van der Waals forces), 
which do not involve a significant change in the electronic orbital patterns of the 
species [47]. The Physisorption decreases with increase in temperatures [48]. In 
physical adsorption, equilibrium is established between the adsorbate and the fluid 
phase resulting multilayer adsorption. Physical adsorption is relatively non specific 
due to the operation of weak forces of attraction between molecules. While chemical 
adsorption is due to the formation of chemical linkages between adsorbate and 
adsorbent surface. The chemical adsorption is non reversible and is carried out at high 
temperature. It is characterized by a large heat change during adsorption. 
1.7.2: Factors Affecting Adsorption: 
There are various factors which affects the adsorptions that are listed in Table 1.3: 
Factors Affects 
Surface area of the adsorbent Larger surface area implies greater adsorption 
capacity. 
Particle size of the adsorbent Smaller the particle size of the adsorbent 
greater is the adsorption capacity. 
Contact time or Equilibrium Adsorption increases with increase in time until 
time the attainment of equilibrium. 
Concentration Rate of adsorption increases with increase in 
concentration. 
pH Strong influence on adsorption due to change in 
ionic concentration in water and solutes with 
increase in pH. 
Temperature Affects the rate and capacity of the adsorption. 
Degree of ionization of the Highly ionized molecules are adsorbed to 
adsorb ate molecules smaller degree than neutral molecule. 
The smaller the particle size of the adsorbent, greater is the adsorption capacity [49]. 
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1.7.3: Adsorption Isotherms: 
Adsorption is usually described through isotherms, that is, the amount of adsorbate on 
the adsorbent as a function of its pressure (if gas) or concentration (if liquid) at 
constant temperature. The quantity adsorbed is nearly always normalized by the mass 
of the adsorbent to allow comparison of different materials. The accuracy of these 
isotherms to simulate experimental data varies and greatly influenced by the specific 
interactions between the adsorbate and adsorbent. The interpretation of adsorption 
data through theoretical or empirical equations is essential for the quantitatixe 
estimation of the adsorption capacity or amount of the adsorbent required to remove 
the unit mass of pollutant from wastewater. The various types of isotherm models are 
listed below: 
• Langmuir Isotherm 
• Freundlich Isotherm 
BET 
• Temkin Isotherm 
• D-R Isotherm 
Langmuir isotherm was given by I.Langmuir in 1916 which predicts the monolayer 
adsorption isotherm where all the binding sites are equivalent and there is no 
interaction between the adsorbed molecule and adsorbate at the plane surface [50]. 
The Langmuir isotherm is given by the relation as [51]: 
Ce/qe= Ce/qm+1/qm.b (1) 
Where, Ce is equilibrium metal ion concentration in the solution (mg/1), b is the 
Langmuir isotherm constant (1/mg), qm is the theoretical monolayer adsorption 
capacity(mg/g). 
Freundlich isotherm is the first mathematical fit isotherm for gaseous adsorbate given 
by Freundlich and Kuster in 1894 which confirms the heterogenous nature of 
adsorption. [52]. The Frendluich isotherm is given by the relafion as: 
Log qe= 1 In log Ce+ log Kf (2) 
Where, Kf (1/mg) and n are Frendluich constant indicating the capacity and intensity 
of the adsorption, respectively. 
Temkin isotherm [53] contains a factor that explicitly taking into the account of 
adsorbent-adsorbate interactions. By ignoring the extremely low and large value of 
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concentrations, the model assumes that heat of adsorption (function of temperature) of 
all molecules in the layer would decrease linearly rather than logarithmic with 
coverage [54]. As implied in the equation, its derivation is characterized by a uniform 
distribution of binding energies (up to some maximum binding energy [55]. It is given 
by the relation as: 
Qe=BilnK,+ B, InCc (3) 
Where, Bi is related to the heat of adsorption and K t is the equilibrium binding 
constant (1/mg). 
D-R (Dubinin Rudushkivich) Isotherm [56] is more general than the Langmuir 
Isotherm and assumes very small sub region of adsorption which is uniform and 
homogenous. The approach was usually applied to distinguish between the physical 
and chemical adsorption. The relation for D-R Isotherm was given by Sokolowskicska 
and Szezypa [57] 
Inqe = l n q m - B l l ^ (4) 
2 ' - R T l n ( l + l/Ce) 
E = 1/V2.B1 
Where, Bl is the D-R model constant (moP kJ~ )^ related to the mean free energy of 
adsorption per mole of the adsorbate and Z" is the polanyi potential. E is mean free 
energy of adsorption (kJ/mol). 
Often molecules do form multilayers in which, some are adsorbed on already 
adsorbed molecules and the Langmuir isotherm is not valid. In 1938 Stephen 
Brunauer, Paul Emmett, and Edward Teller developed a model isotherm known as 
BET isotherm. The relation given as: 
XA^(l-X)=lA^mon.C+X(C-l)A^mon.C (5) 
Where, X is the pressure divided by the vapor pressure for the adsorbate at that 
temperature (usually denoted PI PQ), V is the STP volume of adsorbed adsorbate, Vmon 
is the STP volume of the amount of adsorbate required to form a monolayer and C is 
the equilibrium constant K used in Langmuir isotherm multiplied by the vapor 
pressure of the adsorbate. The Langmuir isotherm is usually better for chemisorption 
and the BET isotherm works better for physisorption for non-micro porous surfaces 
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1.7.6: Adsorption Kinetics: 
It is one of important parameter for the wastewater treatment process as it provides 
the information related to mechanism of pathway and sprption rate. Various kinetic 
models have been suggested that are: 
• Lagegren pseudo first order 
• Pseudo second order 
• Intra particle diffusion 
• Elovich model 
Lagegren pseudo first order [58] is given by the relation as: 
Log(qe-qt) =log qe - (Kit/2.303) 
Where, qe is the adsorption capacity at equilibrium (mg/g), qt is the adsorption 
capacity at time t (mg/g) , Ki is the pseudo 1^ ' order constant(l/min) and t is the 
time(min). 
Pseudo second order model [59] is given by the relation as: 
t/q,=(l/K^qeV(t/qe) 
Where, qe and qt is the adsorption capacity at equilibrium and time t(mg/g), K2 is the 
pseudo 2"^ * order rate constant(l/min) and t is the time(min). 
Elovich model [60] is given by the relation as: 
Q, =A +B In t 
Where, qt is the adsorption capacity at time t (mg/g), A is the initial adsorption rate 
(mg/g min) and B is related to extent of surface coverage and activation energy for 
chemisorptions in (g/mg). 
Intra particle diffusion model is the rate controlling step it explains the boundary 
layer coverage and thickness of the surface. Another rate controlling step is film 
diffusion. Weber and Moriss Model [61] give the relafion for intraparticle diffusion 
model: 
qt ^Kidt'^'+C 
Where, qt is the adsorption capacity at time t (mg/g). Kjd is the intraparticle rate 
constant (mg/g min •^^ ). 
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1.7.7: Thermodynamic Studies: 
Thermodynamic studies were conducted to evaluate the nature of the adsorption 
process. The Gibbs free energy change (AG°), Enthalpy change (AH ), Entropy 
change (AS") explains the feasibility, spontaneity, of the process. It is given by the 
relation [62] as: 
Kc= Ca/Ce 
AG° = -RTlnKc 
Log Kc = (ASV2.303 R - (AH°)/2.303RT. 
Where, Kc is the equilibrium constant. Ca and Ce is the equilibrium constant (mg/1) of 
metal on the adsorbent and the solution respectively. R is the gas constant (8.314 
J/mol K) and T is the temperature in Kelvin. AH'' and_AS'' were calculated by the plot 
of log Kc vs. 1/T. 
On the basis of thermodynamic parameters following conclusion can be made for the 
adsorption process. If 
AG" 
AG" 
AH" 
AH" 
AS" 
AS" 
+ve 
-ve 
+ve 
-ve 
+ve 
-ve 
Non spontaneous 
Spontaneous 
Endothermic 
Exothermic 
Increase in the randomness at solid/solution interface 
Decrease in the randomness at solid/solution interface. 
1.8 Objectives 
The overall objective of the thesis is preparation and characterization of adsorbents 
for the removal of heavy metals from rqueous medium under wide range of 
conditions. The specific objectives of the study are: 
• Preparation and characterization of adsorbent. 
• To determine the equilibrium time of heavy metal adsorption. 
• To determine the optimum concentration of the heavy metal and solution pH 
for maximum adsorption. 
• To study the effect of temperature and to determine the values of the 
thermodynamic parameters. 
• To study the kinetics and diffusion rate of heavy metal adsorption. 
• To study the adsorption isotherm of heavy metal adsorption 
• To study the desorption and Regeneration study of heavy metal adsorption. 
19 
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1.11. Organization of Thesis 
The thesis has been organized in six chapters. 
Chapter -1 : It is the introductory chapter which deals with the water and heavy metal 
pollution, wastewater treatments, purification technologies, literature survey and the 
theoretical aspects of adsorption phenomena on which whole thesis is based. 
Chapter-2: This chapter deals with the Adsorption of Cu from aqueous solution 
onto agricultural solid waste (Menthe). In this chapter effort has been made to explain 
adsorption mechanism on the basis of characterization, kinetic and isotherm studies. 
Chapter -3: This chapter deals with the adsorption of Cu from the aqueous solution 
using a non conventional adsorbent (Black Cumin Seeds (BCS)). The adsorption 
mechanism is explained on the basis of characterization, kinetics, thermodynamic and 
isotherm studies. 
Chapter-4: This chapter describes the comparative study of adsorption of Cu^* ar.d 
Cd^ "^  using a low cost adsorbent (Bail Shell Carbon). In this chapter adsorbent in the 
form of carbon has been used for the comparative study of adsorption mechanism. 
Chapter-5: This chapter discuss about the adsorption of Pb^ "^  from the aqueous 
solution using the low cost adsorbent (Pistachio Shell Carbon). In this chapter 
adsorbent in the form of carbon is used for the adsorption study. 
Chapter-6: This chapter is about the Competitive adsorption of Pb'^ ^ on Menthe 
treated carbon (MTC) in single and quaternary system. 
1.12. Survey of Literature 
Various kind of conventional and non-conventional adsorbents have been used for the 
removal of heavy metals. Recent literature survey on the adsorbent used far the 
removal of heavy metal form aqueous solution and wastewater are summarized in 
Table 1.4. 
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Chapter 2 
2.1. Introduction 
Since the beginning of the industrial revolution, the main focus was directed and 
devoted toward efficient operations of all industrialization processes. Most of the 
industrial activities are accompanied by waste generation that is improperly managed 
and treated and this was assigned and characterized as the main source for causing 
dangerous health and environmental problems. Industrial waste materials can be 
classified as toxic, ignitable, corrosive or reactive industrial waste and according to 
EPA classification, industrial wastes can be also classified into three main categories. 
First, is known as a source-specific waste that is mainly generated from specific 
industries such as wood preserving, lead smelting and petroleum refining. Second, is 
termed as a generic waste such as waste from common manufacturing and industrial 
processes including degreasing operations, spent solvents, landfills and ink 
formulation waste. Third, is the commercial chemical products and this includes some 
pesficides, creosote and other commercial chemicals [1]. Most of these types of 
industrial wastes are accompanied by disposal of toxic heavy metals such as As, Sb, 
Cr, Cu, Pb, Zn, Co, Ni, Cd and Hg. The presence of toxic heavy metal ions. 
compounds or species in the aquatic systems or other environmental samples poses 
serious health risks and problems to humans as well as other living organisms. 
Therefore, such environmental threats have put the scientific researchers under 
pressure to imperatively address, solve and develop new extraction, removal and pre-
concentration methods and techniques to efficiently and economically detect and 
eliminate high and low concentration levels of these toxic contaminants from waste 
waters as well as various water matrices [2]. 
Copper is one of the most Mddely used heavy metals and its waste sources include 
mining wastes, drainage discharge, plating baths, fertilizer industry, paints and 
pigments, etc [3]. Intake of excessively large doses of copper by man lead to severe 
mucosal irritation and corrosion, widespread capillary damage, hepatic and renal 
damage, central nervous system irritation followed by depression, gastrointestinal 
irritafion and possible necrotic changes in the liver and.kidney [3, 4]. The tolerance 
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limit of Cu^^ for discharge into inland surface waters is 3.0 mg/L and in drinking 
water is 0.05 mg/1 [5]. 
Removal and extraction of dissolved heavy metal species from aqueous medium are 
commonly accomplished by several well known methods including precipitation, ion 
exchange, coagulation, floatation, reverse osmosis, membrane filtration, solvent 
extraction, etc [6-8]. However most of these processes are unacceptable owing to their 
high cost, low efficiency, disposal of sludge, inapplicability to wide range of 
pollutants [9]. Adsorption, on the other hand, is one of the most recommended 
physico-chemical treatment processes that is well recognized as one of the highly 
efficient methods for recovery and treatment of heavy metals from their matrices. 
samples and aqueous solutions based on the utilization of solid adsorbents from either 
organic, inorganic, biological or low-cost materials [10]. 
In this work a low cost agricultural waste menthe has been used as an adsorbent for 
the removal of Cu from the aqueous solution. In order to study to effect of various 
parameters a set of experiments like pH, time, concentration, surfactant study, cation 
and anion effect were performed. The dynamic behavior of Cu^^ ion was examined 
by pseudo first order, second order, intraparticle diffiision and Elovich equation. 
Adsorption isotherms (Langmuir, Freundlich, Temkin, and D-R) and thermodynamic 
studies were also conducted and evaluated. 
2.2 Experimental 
2.2.1. Materials 
Cn^^ ion solution was prepared using Cu (NOa)! .3H2O supplied by CDH (India). A 
stock solution (1000 mg/L) of Cu^ "^  was prepared by dissolving the required quantity 
in double distilled water. N-Cetyl-N, N, N-trimethyl ammonium bromide (CTAB), 
Sodium dodecyl sulphate (SDS). HCl, NaOH, NaCl, KCl purchased were of 
analytical grade. 
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2.2.2 Methods 
2.2.21. Adsorbent Preparation 
The adsorbent was collected from one of the villages of Aligarh city, India. Prior to 
use, the menthe was washed with double distilled water to remove the adhering dirt 
and dried at 80 V . It was the grounded, sieved (50 -100 mesh) size and washed to 
remove the colors and other impurities. The resultant adsorbent was dried out and 
used as such for further adsorption studies. 
2.2.2.2. Characterization 
The characterizations were done by Fourier transform infrared spectroscopy (FTIR) to 
study the functional groups in the range of 400-4000 cm"' using FlIR 
spectrophotometer (Inter-spec 2020, Spectrolab, U.K.) in KBr pellets. The 
concentration of Cu was analyzed using Atomic absorption spectrophotometer 
(GBC 902, Australia). pH measurements were made using a pH meter (Elico LI-
120, India). The elemental analysis of adsorbent was performed using EA1108 
(Carlo-Erba).The total number of acidic sites matching carboxylic, phenolic and 
lactonic sites were neutralized using alkaline solutions (O.IN NaOH,0.1N 
Na2CO3,0.1NNaHCO3)[ll]. 
2.2.2.3 Point of Zero charge 
The determination of point of zero charge (pHzpc) was done to investigate the surface 
charge and acid and basic character of adsorbent [12]. For that 0.1 M KCl solution 
was prepared and its initial pH was adjusted between 2 to 12 by NaOH and HCl and 
then 25ml of 0.1 M KCl was taken in the 100 ml flasks and 0.05g adsorbent was added 
to each solution. The flasks were kept for 24 hrs and the final pH of the solution was 
measured by using the pH meter. The graph was plotted between initial and final pH 
and the point of Zero charge was determined. 
2.2.2.4. Batch adsorption study 
The batch biosorption experiments were carried out in 250 ml erlenmeyer flasks 
containing 25 ml Cu^ "" (50 mg/1) on a rotary shaker at 120 rpm at a temperature of 30 
"C. The samples were taken at definite time intervals of (5, 10, 15, 30, 60, 120 and 
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180 mints.) and were filtered after 3hr to remove biomass with filter paper (Whatman 
42). The Cu^^ in the remaining solution was then analyzed. The effect of solution pH 
was performed in the range (2-7) for 50mg/l. The initial metal ion concentration was 
determined between (20-100 mg/1). The adsorption efficiency (%) and capacity of 
adsorbent were calculated from the formula: 
%=100x(Co-C)/C (1) 
Qe = (Co-C)/WxV (2) 
Where 
Co is initial metal ion concentration (mg/L), C is final metal ion concentration (mg/L), 
Qe is adsorption capacity (mg/g), W is weight of the adsorbent (g), V is volume of the 
metal ion solution (L) 
The desorption study was carried out with O.OSg metal -loaded adsorbent O.IM HCl 
and 0.1 M NaCl for 3hr and it was then centrifuged. The supernatant was collected 
and analyzed. 
2.3. Results and Discussion 
2.3.1. Characterization 
The metal adsorption capacity is strongly influenced by the surface structures of the 
adsorbent such as type and number of functional groups [13]. Functional groups of the 
adsorbent were determined by FTIR spectrometer and shown in fig 2.1. The peak at 
3274 to 3346 cm~'could be attributed to -OH and -NH groups [14, 15, 13]. Presence 
of-CH stretching vibrations could be confirmed by the adsorption peak at 2922 cm"' 
[16,15, 17]. The adsorption peaks in the region 1740-1375 cm"' could be assigned to 
-C O stretches aldehydes, ketones, and carboxylate [14, 15]. In addition, - C - 0 , - C -
C, and -C-OH stretching vibrations could be found at the adsorption peaks of the 
1300-1000 cm"* regions [15, 18]. The adsorption peaks at 670-900 cm'' could be 
attributed to aromatic -CH rings. The change in peaks after loading of copper ions is 
due to binding of amino and anionic group electrostatic attraction. The elemental 
analysis of the adsorbent has been analyzed and shown in the table 2.1. Carboxylic 
and lactonic sites were determined with O.IN NaHCOa and the results are shown in 
table 2.2.The SEM of the adsorbent is shown in fig 2. 2 which shows that the 
adsorbent is very porous in nature 
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Table 2.1: Elemental analysis of menthe 
Mentfia - Cu^' 
S.No. 
1 
2 
3 
Table2.2: Active sites 
S.No. 
1 
2 
3 
4 
5 
present 
Element 
Carbon 
Hydrogen 
Nitrogen 
in menthe 
Sites 
Acidic 
Carboxylic+lactonic 
carboxylic 
Phenolic 
Basic 
% 
42.18 
6.91 
0.92 
Conc(mg/g) 
0.4 
0.098 
0.023 
0.075 
0.086 
.2+. 2.3.2. Effect of contact time on Cu adsorption 
The contact time was studied in the range of 5-180 mints at 30 ^C on different 
concentration (fig 2.3). This shows a very fast adsorption in the beginning and then 
slows down. The adsorption equilibrium is attained in about 180 mints and after this 
period the amount of metal ion adsorbed did not change significantly with time. The 
rapid uptake of metal ion on the adsorbent may indicate that most of reaction sites of 
the adsorbent were exposed for interaction with metal ion. Furthermore, the presence 
of hydroxy] group in adsorbent forms a complex between metal ion and adsorbent 
surface causing faster adsorption. 
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2.3.3. Effect of pH 
The pH plays an important role in the adsorption process by affecting the surface 
charge of adsorbent, the degree of ionization and speciation of the adsorbate. Thus the 
effect of pH in the solutions on the removal efficiency of Cu^ "^  was studied at different 
pH ranging from 2 to 6 and the results are shown in fig. 2.4. The acidity of medium 
affects the competition of H^ ion and the metal ion for active sites on the adsorbent 
surface [19]. The sharp increase in the removal of Cu^ "^  was observed from 20% to 
96% when the pH was increased from 2 to 5. After pH 5, precipitation is observed due 
to hydroxide formation, so pH 5 was selected for further experimental studies. At 
lower pH values, HaO^ ions compete with metal ions for change in sites of the 
adsorbent. Cu "^  uptake decreased because the surface area of the adsorbent was more 
protonated. Compethive adsorption occurred between H* protons and free Cu^ "^  ions 
and their hydroxide fixation sites [20]. On considering tht pH, the pHzpc of adsorbent 
speciation of Cu * in the solution is another possible explanation for Cu^^adsorption. 
The pHzpc has been observed at pH 6 (Fig.2.5). At a pH below 4.9 (pHzpc), the 
siuface of the adsorbent is positively charged due to protonation. This protonation 
effect is more pronounced at low pH values due to the presence of high concentration 
of H"^  ions in the solution and results in more unfavorable for Cu^^ adsorption at a 
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lower pH value owing to the electrostatic repulsion between both positively charged 
adsorbent surface and the metal ion. 
Fig 2.4 Effect of pH 
10 
pHi 
Fig 2.5 point of Zero Charge 
12 14 
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2.3.4 Adsorption isotherms 
The adsorption isotherm indicates how the adsorbate molecules distribute between the 
liquid phase and the solid phase at equilibrium. The adsorption process is described 
by Langmuir, Freundlich, Temkin, and D-R isotherm. The linear form of the 
Langmuir isotherm equation is given as [21]. 
Ce/qe=l/b* qm+ Ce/q™ (3) 
.Where qe is the equilibrium capacity of Cu^ "^  on adsorbent (mg/g), Ce is the 
equilibrium concentration of copper solution (mg/L), qm is the monolayer adsorption 
capacity of adsorbent (mg/g), b is the Langmuir constant (L/mg) which is related to 
free energy of adsorption. A plot of Ce/qe vs. Ce at different temperature is shown in 
fig. 2.6 and the values obtained are given in table 2.3. 
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Fig 2.6 Langmuir Isotherm 
Freundlich isotherm is applied for multilayer adsorption on heterogeneous adsorbent 
and it is assumed that adsorption sites increases exponentially with respect to heat of 
adsorption and Freundlich equation is an empirical equation. The linear form of 
Freundlich equation is given as [22] 
log qe =log Kf + 1/n log Ce (4) 
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Where Kf ((mg/g) (L/mg) '^''"^) and 1/n are Freundlich constant related to adsorption 
capacity and adsorption intensity respectively. The plot of log qe vs. log Ce at 
different temperature (30-50 °C) is shown in fig. 2.7 and the values of the constant 
and R^  values are given in table 2. 3. The value of n and correlation coefficient (R )^ 
predicts the feasibility and favorability of adsorption isotherm. 
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Fig 2.7 Freundlich Isotherm 
Heat of adsorption and the adsorbent-adsorb ate interaction on adsorption isotherm 
was studied by Temkin and Pyzhev [23]. The Temkin isotherm equation is given by 
Qe=RT/bxln(K,Ce) (5) 
The linearized form of equation is 
Qe =Bi In K,+Bi In Ce (6) 
Where Bi=RT/b, T is the absolute temperature in Kelvin, R is the universal gas 
constant (8.314 J/mol K), Kt is equilibrium binding constant (L/mg) and B] is related 
to heat of adsorption. A plot of In qe vs. In Ce at different temperature is shown in fig 
2.8 and the values of constant are given in table 2. 3. 
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Fig 2.8 Temkin Isotherm 
The Dubinin-Radushkevich isotherm (D-R) is more general than the Langmiiii-
isotherm, because it does not assume a homogeneous surface or constant sorption 
potential [24]. The D-R Eq. is described as follows [25]. 
In qe = Inqm-Pe^ (7) 
Where, P is a constant related to the mean free energy of adsorption per mole of the 
adsorbate (mol kJ ), qm is the theoretical saturation capacity, and e is the Polanyi 
potential, which is equal to RT In (1+ (1/Ce)), where R (8.314 J mol"' K"') is the gas 
constant, and T is the absolute temperature. A plot of In qe vs. e^  at different 
temperature is shown in fig 2.9.The calculated results at different temperature of 
Freundlich, Temkin and Dubinin-Radushkevich (D-R) isotherm constants are given 
in table 2.3. 
The adsorption isotherm studies show that the data is best correlated with the 
Freundlich isotherm as compared to Langmuir, Temkin and Dubinin-Radushkevich 
(D-R) isotherms under the concentration range studied. 
The Freundlich type adsorption isotherm is an indication of surface heterogeneity of 
the adsorbent, while Langmuir type isotherm demonstrates surface homogeneity of 
the adsorbent. This leads to the conclusion that the surface of adsorbent is made up of 
small heterogeneous adsorption patches vv'hich are very much similar to each other in 
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adsorption capability. This study found that metal uptake differences in adsorption 
capacity are due to the individual properties of each adsorbent, such as structure, 
functional groups and surface area [26]. 
4 
1.6 1.8 
Fig 2.9 D-R Isotherm 
2+ Table 2.3: Adsorption isotherm parameter of Cu ion 
Langmuir isotherm 
qm 
Kc 
Frendluich isotherm 
n 
Kf 
R^  
Temkin isotherm 
B, 
K. 
R^  
D-R isotherm 
qm 
R^ 
30 °C 
40.16 
0.0984 
0.9578 
2.34 
6.94 
0.9696 
7.7814 
1.362 
0.9198 
23.02 
-0.6388 
0.576 
40 "C 
35.58 
0.134 
0.9756 
2.51 
6.71 
0.9844 
7.0335 
0.8656 
20.75 
-0.8069 
0.5323 
50 °C 
28.01 
0.087 
0.9853 
1.8 
3.14 
0.9614 
6.395 
-1.44 
0.9552 
18.5 
-2.6553 
0.6657 
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2.3.5. Adsorption Kinetics 
In order to examine the controlling mechanism of adsorption process various models 
such as Pseudo first order, pseudo second order, intraparticle diffusion and Elovich 
equation were used to test the experimental data. 
The pseudo-first-order equation given by Lagergren [27] was widely used for tiic 
adsorption of liquid/solid system on the basis of solid capacity. Its linearized form of 
equation is 
log (qe-qt)=logqe-K,t/2.303 (8) 
Where qe is the adsorption capacity of heavy metals (mg/g), qt is the adsorption 
capacity at time t (mg/g), Ki is the rate constant (min''). The values of Ki and R^  at 
different concentration were calculated from linear plot of log (qe-qt) vs. t as shown 
in fig 2.10 and are given in table 2.4. The calculated values of qe does not match with 
the experimental values of qe and R^  values are also low, so it does not follow pseudo 
first order kinefics. 
1.2 
1 
0.8 
f 0.6 
a> 
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I 0.4 
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" 
• 
^ 
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1) 
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10 
. A 
• 
20 
N..^ • ^ 
• ^ o ^ ^ 
30 40 50 
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60 70 
-0.2 
time(min) 
Fig 2.10 Pseudo 1'' order 
Therefore, the kinetic data were further analyzed by using pseudo second order 
kinetics equation. The linearized form of equation is as follows [28, 29]. 
t/qt = t/qe+l/K2 qe^ (9) 
Where qt is the amount of metal ion adsorbed (mg/g) at given time t (min), qe is the 
amount of metal ion adsorbed at equilibrium (mg/g) and K2 is the second order rate 
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constant for adsorption (g/mg min). A plot of t/qt vs. t is shown in fig 2.11. The results 
were compared with the correlation coefficient (R^) as are given in table 2.4. The R^  
value for second order is highest at different concentration as compared to first order 
kinetics. The qe (exp) value of second order also agreed well with the qe(cal) as 
compared to first order kinetics and therefore, the data is best followed the second 
order kinetics. 
10 
9 
8 
7 
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4 
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0 50 100 150 200 
time(min) 
Fig 2.11 Pseudo 2"" order 
The kinetic data were analyzed by the intra particle diffusion model to elucidate the 
diffusion mechanism [30]. 
• 50 ppm 
• 100 ppm 
A 150 ppm 
1/2 q,= Kidt"" + C (10) 
Where Kid (mg/g min''^) is the intra-particle diffusion constant and qt is the 
adsorption capacity at time t (mg/g). The value of Kid, C, and R^  were calculated from 
the slope of plot qt vs. t'*^  as shown in fig 2.12 and given in table 2.4. The value of 
intercept gives an idea about the boundary layer thickness i.e. larger the intercept; 
greater is the boundary layer effect [31]. It is seen from the table 2. 4, the value of 
intercept is not zero but high and it increases with increases in concentration of Cu^^  
by adsorption of menthe. This result implies that boundary layer diffusion is the rate 
controlling step for the adsorption process and it is dominant when Cu^ "^  ion 
concentration is higher. 
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Fig 2.12 Intra Particle diffusion 
The adsorption data was further tested with the Elovich equation which is expressed 
as [32] 
Qt=A+Blnt (11) 
Where A and B are Elovich constant. The values of A, B and R^  are calculated from 
fig. 2.13 and given in the table 2. 4. from the table 2. 4, it is evident that the 
experimental data is best followed by pseudo second order kinetics. 
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Table2. 4: 
pseudo 1*' order 
qe(exp) 
qe(cal) 
K, 
R^  
Pseudo 2"" order 
qe(exp) 
qe(cal) 
K2 
R2 
intra particle 
diffusion 
Kid 
C 
R^  
Elovich equation 
A 
B 
R^  
1 2 
A ^ 
• -
1 
3 4 
In t(min) 
Fig 2.13 Elovich Equation 
Kinetic parameters of Cu^* ion 
50ppm 
20 
4.81 
0.0027 
0.9279 
20 
20.3 
0.3057x10'* 
0.9998 
0.0362 
14.91 
0.8038 
13.044 
1.4279 
0.9634 
100 ppm 
32.5 
9.81 
0.039 
0.9805 
• 
32.5 
33.1 
1.534x10^ 
0.9998 
0.0723 
23.19 
0.9785 
20.128 
2.619 . 
0.925 . 
Mentfia - < 
1 • 50 ppm 1 
\u 100 ppm! 
[ A 150 ppm 1 
> 
5 6 
150 ppm 
72 
11.27 
0.04 
0.9908 
72 
72.4 
37.71x10^ 
0.9999 
0.0769 
61.48 
0.9745 
57.827 
2.976 
0.9027 
r2 + 
2.3.6. Effect of surfactant 
Presence of surfactant in aqueous solution is likely to affect the adsorption capacity of 
the adsorbent. This is very important for potential applications of adsorbents, because 
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surfactants are widely employed in industries and are commonly present in real 
wastewaters. In the presence of surfactants, the adsorption of metal ions onto the 
active sites of adsorbent is affected by the charge density of the interface. In this 
study, the effect of anionic SDS and cationic CTAB surfactant was studied below 
their critical micelle concentration (CMC). The CMC of SDS and CTAB in aqueous 
solution without electrolysis is 8.1 and 0.9 mM, respectively, while their micelles 
aggregation numbers are 62 and 61, respectively [33]. The effect of surfactants on the 
adsorption of Cu was studied m the concentration range from 2 to 20 mg /I. The 
presence of the cationic surfactant CTAB does not affect the uptake of the Cu^*. The 
effect of surfactants on the adsorption of Cu^^ was studied in the concentration range 
from 20 to 50 mg/1 and the presence of the cationic surfactant CTAB does not affect 
the uptake of the Cu^ "^  significantly but in the presence of anionic surfactant SDS, 
adsorption dramatically increases from 21 to 24.5 mg/g. It was therefore supposed 
that some additional adsorption mechanism had effectively played their role in the 
presence of surfactants. It was reported that SDS can strongly bind to some kinds of 
non-polar adsorbents forming cation exchange sites and- these ion exchange sites are 
in dynamic equilibrium with the concentration of the surfactant in solution [34, 35J. 
Furthermore, increase in the adsorption of Cu'^ * onto menthe in the presence of SDS 
can also be explained by the ion association model, ion pairs, or slightly more 
complex associates or aggregates which are formed between the Cu^^ cationic species 
and anionic surfactant in solution, and then they are adsorbed onto the non polar part 
of the adsorbent[36]. Results of this study are in consonance with the previously 
reported work for Zn^^ and Ni^ "^  removal on mustard oil cake [37, 38]. 
2.3.7. Thermodynamic studies 
The thermodynamic factors were studied in the temperature range of 303-323 K. The 
thermodynamic parameters such as enthalpy change (AH°), entropy change (AS*') and 
Gibbs free energy change (AG") were estimated using the following reactions [39] 
Kc=Ca/Ce (12) 
AG° = -RTlnKc (13) 
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Where Kc is the equilibrium constant, Ce is the equilibrium concentration in solution 
(mg/1), Ca is the solid phase concentration at equilibrium (mg/1). AH*^  and AS" were 
determined by Van't Hoff equation: 
log Kc =AS°/2.303R -AH°/2.303RT (14). 
The values of AH° and AS*^  were obtained from the slope and the intercept of the plot 
log Kc vs. 1/T as shown in fig.2.14 and presented in table 2.5. The values of AG" are 
negative confirming the adsorption of Cu^* onto adsorbent as spontaneous and 
thermodynamically favorable at high temperature. The positive value of AH^ indicates 
the reaction to be endothermic in nature. While the positive value of AS° indicates 
• '^4-
randomness at solid/liquid solutions interface dunng adsorption of Cu . 
u 
o 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
y = -361.43x + 1.5741 
R2 = 0.9335 
Table 2.5: 
0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 
1/T(K) 
Fig 2.14 log Kc vs 1/T 
Thermodyanamic 
parameter of Cu(II) Ion 
Temperature("C) AG"(KJ/Mol) AH"KJ/MO1) AS"(KJ /MOIK) R^ Ea(KJ/Mol) R^  
6.91 0.9358 
30 -2.24 6.92 0.03 0.9335 
40 -2.62 
50 -3.09 
The magnitude of activation energy explains the type of sorption. Two main types of 
adsorption can occur, physical or chemical. In physical adsorption, the equilibrium is 
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usually attained rapidly and easily reversible, because the energy requirements are 
small. The activation energy for physical adsorption is usually not more than 4.2 
KJ/mol, because the forces involved in physical adsorption are weak. Chemical 
adsorption is specific and involves forces much stronger than physical adsorption. 
Therefore, activation energy for chemical adsorption is of the same magnitude as the 
heat of chemical reactions [40]. A plot of In k2 versus 1/T as shown in fig 2.15 gives a 
straight line, and the corresponding activation energy was determined from the slope 
of linear plot as given by Arrhenius relationship [41]. 
lnKc=-Ea/RT + lnKc (15) 
o 
1.4 
1.2 
1 
0.8 
0.6 
0.4 
0.2 
y = -831.43x +3.6221 
R2 = 0.9358 
0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0,00335 
1/T(k) 
Fig 2.15 Activation Energy 
The activation energy for the biosorption of Cu^* was found to be 6.91kJ/mo]. From 
the value of activation energy it appears that the biosorption of Cu^^ on mentha is 
chemisorptions. 
2.3.8. Desorption 
The desorption of Cu ion from menthe was carried out-by using 50 ml of 0. IM HCl 
and O.IM NaCl. It was observed that more than 90% of metal ion could be desorbed 
by O.IM NaCl. The Na^ ion are easily displaced by metal ions bonded to sorbent 
during adsorption experiments. This is an indication of ion exchange process and 
proved to be an eco-fi"iendly adsorbent. 
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2.4. Conclusion 
The study showed that the adsorbent (menthe) is very promising and can be used as 
an alternative adsorbent for the removal Cu from aqueous solution. The sorption 
process was found to be a flinction of the adsorbate concentration, pH, and 
temperature of solution. The sorption capacity increases with the increase in solute 
concentration and equilibrium was attained in 180 mints. The highest Cu^^  adsorption 
(96%) by menthe was obtained at pH 5. The isotherms studies show that the data is 
better followed by Freundlich model as compared to the Langmuir. The adsorption 
dependence of Cu on temperature was investigated and the thermodynamic 
parameters AS°, AH° and AG° were calculated. Thermodynamic studies confirmed 
that the process was spontaneous and endothermic in nature. The results indicated that 
the pseudo-second-order equation provided the best correlation for the adsorption 
data. The value of adsorption energy (Ea) gives an idea of the nature of adsorption. 
The activation energy of the Cu adsorption was calculated using the Arrhenius 
equation. From the value of activation energy, the results of the study concluded that 
9+ 
adsorption of Cu by menthe was chemical sorption. The desorption of the adsorbent 
was found to be more than 90% by 0.1 M NaCl. 
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Chapter 3 
3.1 Introduction 
The critical environmental challenge for the industry is the safe disposal of 
wastewater. In today world, various industries discharge heavy metals, organic 
pollutants whose disposal in environment pose a serious threat to human health and 
organism. Copper is one of the most used heavy metals by various industries and 
municipal wastewater which causes toxicological problems effecting the brain, heart, 
kidney and liver [1]. The permissible limit of copper in the water is about 2.5 mg/1. To 
reduce the toxicity of heavy metals, several physicochemical methods are being used 
worldwide [2-5] but these are inherently problematic in their application to metal 
bearing waste streams [6]. Chemical precipitation, lime coagulation, ion exchange, 
reverse osmosis and solvent extraction are the common methods for the removal of 
metals from water. Nevertheless, disadvantages like incomplete removal, high reagent 
cost and energy needs, generation of toxic waste products that need careful disposal 
have made it imperative to find out a new, cost-effective treatment method that is 
capable of removing heavy metals from effluents [7]. Adsorption, which is one of the 
most efficient and economic technique used worldwide for removal of heavy metals. 
Around the world scientists are trying to evaluate the adsorption capacities of heaxy 
metals towards various low cost adsorbents i.e. conventional and non-conventional [8-
11]. Black Cumin seeds (Nigelle sativa) a home medicine has pungent bitter taste and 
smell. It is used primarily in confectionery and liquors. It is used for medicinal 
purposes in the Middle East and Africa. It has been traditionally used for a variety of 
conditions and treatments related to respiratory health, stomach and intestinal health, 
kidney and liver fiinction, circulatory and immune system support, as analgesic, anti-
inflammatory, antiallergic, antioxidants, anticancer, antiviral and for general well-
being . 
In this work, black cumin seeds (Nigelle Sativa) a non conventional, economical and 
eco-friendly adsorbent was used for the removal of toxic metal (Cu^ "*^ ). The adsorption 
characteristics of cumin seeds was investigated as function of time, concentration, pH, 
temperature with respect to its kinetics, adsorption and thermodynamic studies. 
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3.2 Materials and methods 
3.2.1 Materials, Chemicals and Equipment: 
The black cumin seeds were collected as a waste from the Unani medical college lab, 
A.M.U. Aligarh. The seeds were then converted into micro particles by grinding them 
in a mechanical grinder followed by sieving. It was then washed several times witli 
double distilled water to remove dirt, colour, and impurities. The photomicrography 
of the exterior surface of adsorbent was obtained by Scarming electron microscopy 
(LEO 450, England). The BET Analysis was also performed to determine the 
specific surface area of the adsorbent by BET analyzer (Quantachrome Autosorb, 
USA). The adsorption characteristics were determined by Atomic Adsorption 
Spectroscopy (GBC-902). The pH was measured by pH meter (Elico LI 120, India). 
All the chemicals purchased were of analytical grade. 
3.2.2 Batch Adsorption Studies: 
The selective nature of the adsorbent was studied for Cu^^ Cd^^ Pb^^ and Ni^^ The 
adsorbent shows higher adsorption capacity of about 24.5 mg/g for Cu^^ ions. The 
batch experiment was carried out by using 0.1 g of the adsorbent with 50 ml of 50 
mg/1 and 100 mg/1 of metal ion solution. The equilibrium was attained in 30 min. The 
supernatant was analyzed by AAS. The adsorption isotherm studies were carried out 
in the temperature range of 30 -50 °C and initial concentration range of 20 -100 mg/1 
with 50 ml of Cu^* ion solution. The pH experiment was conducted with 50 mg/1 of 
Cu^ "^  ion solution in the pH range of 2-6. The pH was adjusted using 0.1 N HCl and 
O.IN NaOH. The adsorption capacities and % removal was calculated by using the 
following formula: 
Qe= V (Co-Ce)AV (1) 
%=100(Co-Ce)/Co (2) 
where 
Qe= adsorption capacity of metai ion (mg/g) 
V = volume of the metal ion solution (ml) 
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W= weight of the adsorbent (gm) 
Co = initial metal ion concentration (mg/1) 
Ce = metal ion concentration at equilibrium (mg/1) 
Desorption of the adsorbent was carried out by batch process using O.IN HCl and 
O.IN Acetic acid solution. The amount of Cu ^ ion desorbed was analyzed by AAS. 
3.2.3 Adsorption kinetics: 
In order to investigate the kinetics of Cu ion towards cumin seeds, the most 
commonly used Pseudo first order, pseudo second order, intraparticle diffusion and 
Elovich kinetic models were applied and the equations are shown in table 3.1. 
3.2.4 Adsorption Isotherms: 
Isotherms of Langmuir, Freundlich and Temkin were used to describe the 
relationship between adsorbed copper ion per unit mass of cumin seeds ( qe; mg/g) 
and unadsorbed metal ion concentration in the solution (Ce; mg/1) at the equilibrium. 
The fitting procedure was performed using R-Software, version 2.10.1 (2009-12-14). 
To evaluate the fitness of the data, the correlation coefficient (R^), Residual standard 
error (RSE), p values and chi square (x )^ were calculated as shown in table 3.1. 
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Table 3.1: Equations of model and 
Models and error 
functions 
Pseudo 1*'order 
Pseudo 2"" order 
Intraparticle 
diffusion 
Elovich equation 
Langmuir isotherm 
Frendluich isotherm 
Temkin isotherm 
CHI-Square 
Residual sum of 
square(RSE) 
Equations 
Log (qe-qt) = log (qe) -
(kl)t/2.303 
t/qt= l/(k2qe'^ ) + t/qe 
qt = Kidt"''+C 
Qt = A+B In t 
l/qe= l/( qm.b)+l/(qm.ce) 
Log qe = 1/n log Ce+ log Kf 
Qe= B,(ln ce)+Bi(ln K,) 
(X^ ) = I[(qe-qecai)^/qecai] 
RSE= X(qe-qecal)^ 
error functions: 
Equatio 
nno. 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Reference 
[12] 
[13] 
[14] 
[15] 
[16] 
[17] 
[18] 
[19] 
[20] 
3.2.5 Thermodynamic studies: 
The thermodynamic parameters including change in free energy (AG°), enthalpy 
(AH*') and entropy (AS°) were determined using following equations [21]. 
Kc = Cads/Ce (12) 
AG°=-RTlnKc (13) 
log Kc = AS°/2.303R -AH' ' /2 .303RT (14) 
Where Kc is the equilibrium constant, Cads the amount of metal ions adsorbed on the 
adsorbent of the solution at equilibrium (mg f ' ) , Ce is the equilibrium concentration 
of metal ions in the solution (mg 1"'), R is the gas constant, and T is the temperature in 
Kelvin. 
Activation energy of process was determined by using the Arrhenius equation [22] as: 
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lnKc=-Ea/RT + lnKo (15) 
Where Kc is the equilibrium constant, Ea is the activation energy, Ko is the constant. 
3.3 Results and Discussion: 
3.3.1 Characterization of adsorbent: 
The characterization of the adsorbent was done by FTIR and SEM analysis. 
Scanning electron microscopy was done to check the surface morphology and 
crystalline nature of the adsorbent as shown in fig 3.1. According to the SEM images 
the adsorbent was found to be porous in nature which is observed with higher 
adsorption capacity of metal ion. Additionally, the surface of black cumin seeds 
seemed to be stuffed or tightly packed with biopolymers like lignins or tannins which 
would have reduced the biosorbent surface porosity [23]. From the FTIR spectra (Fig 
3.2), the following conclusions were drawn: the bend in the peak 3436.50 cm'' 
corresponds to hydroxyl peak [24]. The peaks at 2926.68 and 2926.93 cm'' assigned 
to methyl and methylene groups. The change in the peak from 1743.92 to 1741.61 -
cm"' was due to presence of carboxylic groups [25].The peak 1166.56 cm'' 
corresponds to lignin endemic components. The BET analysis of the adsorbent is 
given in Table 3.2. 
(A) IB) 
Fig: 3.1 SEM Micrograph of cumin seed (A) before and after (B) adsorption 
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Fig: 3.2 FTIR Analysis (A) before adsorption (B) After adsorption 
Table 3.2: BET analysis for Black cumin seeds. 
Parameters 
Surface area 
R^  
Total pore volume 
Pore diameter 
Measurement 
7.036 m2/g 
0.618038 
5.6047 cc/g 
3.205 A" 
3.3.2 Effect of contact time and pH: 
The adsorption rate is one of the most important parameter which is designed for 
batch adsorption experiments. Consequently, it is important to establish the time 
dependence of such systems under various process conditions. The equilibrium was 
attained in 30 minute for both 50 and 100 mg/1 solution. The maximum adsorption 
capacity (24.5 mg/g) was observed at 30 min as shown in figure 3.3. The maximum 
adsorption was recorded at pH 6 as shown in figure 3.5. After pH 6, a solution tends 
to precipitate due to formation of hydroxide [26, 27, 28]. At lower pH values, U^O^ 
ions compete with metal ions for exchange and therefore the Cu^ * uptake decreased at 
lower pH. Competitive adsorption occurred between HT protons and fi-ee Cu^ ^ ions 
and their hydroxide fixation sites [29]. The rapid sorption was attained initially and it 
gets slower down as equilibrium was attained. The rapid initial sorption was likely 
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due to extra-cellular binding and the slower sorption resulted from intracellular 
binding [30]. The plots of metal uptake as a function of time are single, smooth and 
continuous leading to saturation. This suggests possible monolayer coverage of the 
metal ions on the surface of the adsorbent [31]. 
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Fig 3.5 Effect of pH 
3.3.3 Adsorption Kinetics: 
The kinetic study was observed for pseudo first order, pseudo second order, 
intraparticle diffusion and Elovich equation as shown in figures (3.6, 3.7, 3.8, 3.9). 
According to the regression coefficient (R^) as shown in table 3.3, it is best fitted by 
pseudo second order. The intraparticle diffusion is the sole rate determining step. The 
value of Kid, C and R^  is given in table 3. 3. The value of intercept gives an idea of 
boundary layer thickness, larger the intercept; greater is the boundary layer thickness 
[32]. 
(Blaci,Cumin See<£((BCS) - Cu ,2+ 
1 
0 
1 
-0.2 
-0.4 
-0.6 
-0.8 
-1 
-1 ? -
- r 1 - - - • - - - , ,-
) 5 10 15 20 ^ ^ S ^ 
• ^ , ^ ^ " ^ 0 ^ 
• 
• 
time(min) 
Fig 3.6 Pseudo 1*' order Kinetic 
^^9 
30 3 
• 50 ppm 1 
• 100 ppmj 
nd Fig 3.7 Pseudo 2"" order Kinetic 
82 
(B(ack^CuminSeed((BCS)- Cv?^ 
60 
50 
40 
^ 30 
20 
10 
0 -
( 
^ 
) 20 40 
t1/2 
60 
A 50 ppm 
• 100 ppm 
80 1C 
Fig 3.8 Intraparticle Diffusion 
50 -
40 -
^ 30 
20 
10 
0 
« 50 ppm 
• 100 ppm 
T' 1 1 -| — r 
0 0.5 1 1.5 2 2.5 3 3.5 4 
Int 
Fig 3.9 Elovich Equation 
83 
(BQic^Cumin SeedfCBCS) - Cu^* 
Table3. 3: Kinetic parameters of Cu^ * ion. 
Kinetic parameters 
Pseudo 1*' order 
Qe(exp) 
Qe(cal) 
Ki(l/min) 
R^  
Pseudo 2"** order 
Qe(exp) 
Qe(cal) 
K2(g/mg min) 
R^  
Intraparticle diffusion 
Kid 
C 
R^  
Elovich equation 
A(mg/g min) 
B(g/mg) 
R^  
SOppm 
24.1 
-5.929 
-0.0628 
0.3845 
24.1 
24.1 
0.717 
1 
0.0036 
23.816 
0.5583 
23.492 
0.1978 
0.8067 
100 ppm 
48.65 
-4.89 
-0.0568 
0.4519 
48.65 
48.78 
0.8405 
1 
0.00038 
48.34 
0.6255 
48.014 
0.2038 
0.85 
3.3.4 Adsorption Isotherms: 
In order to see the adsorption mechanism of Cu^ "^  on the adsorbent various isotherm 
models were applied (table 3. 1). The best fitted isotherm model was observed from 
the table 3.4 which shows values of parameters, regression coefficient (R^) and error 
functions. 
Langmuir isotherm was observed by a plot of 1/qe vs. 1/Ce as shown in figure (3.10) 
at different temperature range of 30 -50 °C. Freundlich isotherm was observed by a 
plot of log qe vs. log Ce as shown in figure (3.11) and Temkin isotherm was observed 
by a plot of In Ce vs. qe as shown in the figure (3.12). According to the regression 
coefficient (R^) and error factors shown in table 3.4, it is best fitted by Freundlich 
model due to higher regression coefficient and lower error values i.e. (x )^ and RSC. 
The value of n greater than unity corresponded to the distribution of bonded ions on 
the sorbent surface, which was indicative of a constant partitioning of the sorption 
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mechanisms, where sorbate penetrated the sorbent and therefore showed good 
adsorption [33]. 
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Table3. 4: Adsorption isotherms of Cu^^ ion 
Isotherms Model 
Langmuir isotherm 
Om(l/mg) 
B 
R^  
RSC 
p-value 
f-stat 
(7.^) 
Freundlich isotherm 
KKmg/g)(l/mg)"" 
n 
R2 
RSC 
p-value 
f-stat 
(X )^ 
Temkin isotherm 
B, 
K,(l/ing) 
R^  
RSC 
p-value 
f-stat 
(^) 
30 "C 
85.49 
0.233 
0.9316 
0.007528 
2.499 
95.38 
31.3 
16.36 
0.961 
0.9959 
0.01601 
1.312 
169.1 
2.17 
25.018 
2.05 
0.9379 
3.548 
1.78 
105.7 
5.85 
40 "C 
86.78 
0.157 
0.9345 
0.006896 
1.276 
116.9 
9.19 
17.11 
0.891 
0.9602 
0.04999 
3.701 
169 
2.17 
28.443 
1.918 
0.9923 
1.253 
1.145 
907.5 
0.496 
and Error models. 
50 "C 
214.4 
0.1127 
0.9121 
0.008464 
6.073 
72.63 
4.017 
21.56 
1.298 
0.9361 
0.06259 
1.967 
102.6 
2.5 
19.403 
3.479 
0.967 
2.57 
1.919 
205.3 
1.3349 
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3.3.5 Effect of surfactant: 
Presence of surfactant in aqueous solution is likely to affect the adsorption capacity 
of the adsorbent. This is very important for potential applications of adsorbents 
because surfactants are widely employed in industry and are commonly present in real 
wastewaters. In the presence of surfactants, the adsorption of metal ions onto the 
active sites of adsorbent is affected by the charge density of the interface. In this 
study, the effect of anionic SDS, cationic CTAB and non-ionic TritonX-100 
surfactant was studied in the concentration range of 20-50mg/l. There is no effect of 
the any surfactant on the adsorption capacity of metal ion on the adsorbent [34] 
3.3.6 Effect of ionic strength: 
The effect of ionic strength was studied by O.OIN NaNOa, O.IN NaNOa, and 0.5N 
NaNOa solution. The ionic strength was observed more in case of O.IN NaNOs and 
decreases with increase in electrolyte concentration. It also suggested that increasing 
electrolyte concentration can cause screening of surface negative charges by the 
electrolyte ions leading to a drop in the adsorption of the metal ions [35]. Therefore, a 
decrease in adsorption of metal ion with increasing ionic strength of electrolyte 
implies that increasing ionic strength is making the potential of the adsorbent surface 
less negative and thus would decrease metal ion adsorption [29]. 
3.3.7 Thermodynamic studies and Activation energy: 
The effect of temperature for the adsorption of Cu^^ on cumin seeds was studied 
in temperature range of 30 -50 "C. The values of AG°, AH°, AS'^  was calculated by a 
plot of log Kc vs.l/T in the temperature range of 30 -50 °C as shown in figure 3.13 
and table 3.5. The values of AG° increases with increase in temperature correspond to 
spontaneity in nature. The positive value of AH'' shows that the process is 
endothermic in nature. While the positive value of AS° indicates randomness at 
solid/liquid solutions interface during adsorption of Cu^ "^  ion. 
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2+ Table 3.5: Thermodynamic parameters and activation energy of Cu ion. 
Temp 
("C) 
30 
40 
50 
AG" 
(K/mol) 
-8.97 
-9.42 
-10.44 
AH" 
(KJ/mol) 
8.61 
AS" 
(J/mol K) 
0.057 
R^  
0.75 
Ea 
(KJ/mol) 
8.78 
Ko 
2.57 
R^  
0.77 
1.7 
1.68 
1.66 
1.64 
1.62 
1.6 
1.58 
1.56 ^ 
1.54 
1.52 
1.5 
0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 
1/T 
Fig 3.13 Log Kcvsl /T 
The magnitude of activation energy explains the type of sorption. Two main types 
of adsorption can occur, physical or chemical. In physical adsorption, the equilibrium 
is usually attained rapidly and easily reversible, because the energy requirements are 
small. The activation energy for physical adsorption is not more than 4.2 kJ mof', 
because the forces involved in physical adsorption are weak. Chemical adsorption is 
specific and involves forces much stronger than physical adsorption. Therefore, 
activation energy for chemical adsorption is of the same magnitude as the heat of 
chemical reaction [36]. 
A plot of In Kc vs. 1/T gives the value of activation energy (Ea), Ko and R^ The 
value of activation energy for Cu^ "*" ion on cumin seeds was found to be 8.5 KJ/mol as 
shown in table 3.5. This shows the process to be chemisorption. 
3.3.8 Desorption and Regeneration studies: 
The Desorption of the Cu^ "" on the adsorbent was done by batch process. The 
metal ions were desorbed more than 95% in case of 0.1 N HCl. In order to make the 
process more economical and feasible, the material was regenerated. If the material 
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can be regenerated and reused as an adsorbent after the first cycle of the adsorption 
process, significant improvement in the economy of the process will be achieved 
[37].The Cu^^ ion could be regenerated by Cumin seeds up to five cycles by O.IN 
HCl. The adsorption capacity slightly decreases with increase in regeneration cycle. 
This may be attributed to slight damage of the original surface layer of cumin seeds 
proceeds by means of an acid treatment [38]. 
3.3.9 Comparative study of the adsorbent 
In order to evaluate the feasibility of the adsorbent and to compare the adsorption 
capacity with other non conventional adsorbent a comparative study is presented in 
table 3.6. It is evident from the table that Black cumin seed (BSC) has got the highest 
monolayer adsorption capacity of (85.49 mg/g) among all the adsorbents. 
Table 3.6: Comparison of the uptake capacities for Cu ions of various 
adsorbents 
Adsorbent 
Activated carbon from almond shell 
Bagasse fly ash 
Low-rank Turkish coals 
Coirpith carbon 
Peanut hull carbon 
Pine bark 
Sawdust 
Washed sugar beet pulp 
Activated sugar beet pulp 
Activated carbon from sugar 
Sphagnum moss peat 
Tree fern 
Padina sp. 
M. spicatum 
Kaolinite 
Dehydrated wheat bran 
Black Cumin Seed 
beet pulp 
qmax (mg g-1) 
8.85 
2.26 
1.62 
39.7 
65.57 
9.47 
1.79 
21.1 
17.1 
63.69 
12.4 
10.6 
50.8 
10.37 
10.79 
51.51 
85.49 
Reference 
[39] 
[40] 
[41] 
[42] 
[43] 
[44] 
[45] 
[46] 
[47] 
[48] 
[49] 
[50] 
[51] 
[52] 
[53] 
[54] 
[This Study] 
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3.3.4 Summary: 
In this work, the black cumin seeds (Nigelle Sativa) was used for the biosorption of 
Cu^ ^ from aqueous solution. The material was characterized by SEM and FTIR. The 
adsorption follows pseudo second order kinetic model and intraparticle diffusion is 
the rate determining step. By the use of R-Software version 2.10.1 (2009-12-14), it 
concluded that Freundlich isotherm is best fitted isotherm with higher R^  value and 
low error factors. The process was found to be spontaneous, endothermic with 
randomness at solid liquid solutions interface. The activation energy of the process 
leads to conformation of chemisorption. 90% of the Cu^ ^ ion could be desorbed by 
using O.IN HCl solution and adsorbent can be successfully regenerated up to five 
times. 
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Chapter 4 
4.1. INTRODUCTION: 
In recent years, increasing awareness of water pollution and its far reaching effects 
has prompted concerted efforts towards pollution abatement [1]. The rate at which 
effluents are discharged into the environment and water bodies, has been on the 
increase due to rapid growth of cities in the world. Generally, water bodies are major 
sites of heavy metal deposits due to the fact that streams and rivers flow through 
agricultural areas where pesticides and fimgicides may have been used [2]. Water 
contaminated by heavy metal ions had become much more serious with a rapid 
development of industries and competitive use of fresh water in many parts of world. 
Therefore, heavy metal ions removal from water has become an important subject 
today [3, 4]. Waste waters from many industries such as metallurgical, tannery, 
chemical manufacturing, mining, battery manufacturing industries, etc. contain one or 
more toxic heavy metal ions. It is necessary to remove these ions from the waste 
waters before releasing them into the environment. There has been increasing concern 
and more stringent regulation standards pertaining to the discharge of heavy metal 
ions into the aquatic environment [5, 6]. Adsorption is one of the easiest, safest and 
most cost-effective methods for the removal of these metals [7-9].The major 
advantage of adsorption process for water pollution control is less investment in 
terms of initial cost, land, simple design, easy operation and no effect of toxic 
substances compared to conventional biological treatment processes [10]. Activated 
carbon has been used as an adsorbent for removal of heavy metal pollutants from 
wastewater and has proved to be effective [11, 12]. This is due to its good adsorption 
properties which depend on its well developed porous structure and large active 
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surface area [13]. It can be produced from cheap and locally available materials also 
[14-17]. 
Bael (Aegle marmelos), is an indigenous fruit of India. It is grown throughout 
Southeast Asian countries like India, Sri Lanka, Pakistan, Bangladesh, Burma, 
Thailand etc. The peel of Bael fruit is a very hard shell (about 30 % of total fruit 
weight) [18] .Therefore, Bael shell is one such byproduct of its fruit and considered to 
be a waste. In this study Bael shell which is available at very low cost in India has 
been used as an adsorbent in form of carbon for the removal of Cu^ * and Cd^ *. The 
effect of various parameters like pH, contact time, concentration, and surfactant. The 
kinetics, isotherm and thermodynamic parameters have also been evaluated. 
4.2. MATERIALS AND METHODS: 
4.2.1 Adsorbent Preparation: 
The Bael shell was collected from the local market of Aligarh. It was washed 
thoroughly with water to remove dirt and dust. The material was dried in ambient air 
and it was kept in the muffle furnace for Ihr at 750 °C to form the carbon. It was then 
grounded to 50-100 mesh size and washed with double distilled water to remove the 
impurities. It was further dried and used as such for further studies. 
4.2.2 Chemicals and Instrument: 
All working solutions were prepared by dilution of stock solution with deionized 
water. The characterizations of the adsorbent was done using Fourier Transform 
Infrared Spectroscopy (FTIR) to study the functional groups in the range of 400-4000 
cm'' using FTIR Spectrophotometer (Inter-spec 2020, Spectrolab, UK) in KBr 
pellets. The concentration of Cu'^ * and Cd^ "^  was analyzed using Atomic Absorption 
Spectrophotometer (GBC 902, Australia). The pH measurements were made using a 
pH meter (Elico LI-120, India). The Elemental analysis of Bael shell carbon was 
performed using EA 1108 (Carlo- Erba) and Scanning Electron Microscopy (SEM) 
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was also performed (LEO-450, England). The point of Zero charge (pHzc) was also 
determined in order to investigate the surface charge of the Bael shell carbon as 
shown in fig 4.3 [19]. 
4.2.3 Adsorption: 
The Adsorption experiments were carried out by the batch process at a laboratory 
temperature of 30 ± 1°C for Ihr in case of Cu^^ ions and 2hr in case of Cd^* ions. O.lg 
of the adsorbent was placed in 50ml of metal ions solution of 50mg/l for 3hr at 30 V . 
The pH was conducted in the range of 1-7 for 50mg/l metal ions solutions. The pH 
was adjusted using O.IM HCl and O.IM NaOH. The isotherm studies was conducted 
in the range of 20 -lOOmg/1 for both the metal ions solution with O.lg adsorbent with 
50 ml solution for 3hr. The filtrates were then analyzed by AAS. 
4.2.4 Kinetic models: 
Pseudo first order model 
The pseudo first order equation is generally expressed as [20] 
dqt/dt = ki (qe - qt) (1) 
Where, qe and qt are the adsorption capacity at equilibrium and at time t in (mg/g), 
respectively and ki is the rate constant of pseudo first order adsorption (1/min). After 
integration and applying boundary conditions, t = 0 to t = t and qt = 0 to qt = qt, Eq. 1 
takes the form 
log (qe - qt) = log (qe; - (k,t)/ 2.303 (2) 
A plot of log (qe - qt) versus t should give a straight line, if the sorption is controlled 
by this model. Ki and qe can be determined from the slope and intercept of the plot, 
respectively. The major disadvantage with this model is that in most cases, the 
equation does not fit well for experimental data over the entire range of contact time 
[21]. 
Pseudo-second order model 
The pseudo second order adsorption kinetic rate equation as expressed by [22]: 
dqt/dt = k2(qe-qt)^ (3) 
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Where, kj is the rate constant of pseudo second order adsorption (mg/g/min). From the 
boundary conditions t = 0 to t = t and qt = 0 to qt = qt, the integrated form of equation 
(3) yields 
l/(qe-qt)=l/qe + k2 (4) 
This is the integrated rate law for a pseudo second order reaction. Eq. 4 can be 
rearranged to obtain Eq. 5 which has a linear form. 
t/qt = l/(k2qe )^ + t/qe (5) 
A plot of t/qt versus t should give a straight line, if this model is obeyed by the 
sorption process. From the slope and intercept of the plots, qe and ki are determined, 
respectively. 
Intra-particle and film diffusion kinetics 
The basic assumption with intra-particle diffusion model is'that film diffusion is 
negligible and intraparticle diffusion is the only rate-controlling step [23]. If the rate 
limiting step is the intra-particle diffusion, then the amount adsorbed at any time t 
should be directly proportional to the square root of contact time, t and shall pass 
through the origin [24]. This is defined mathematically as: 
qt = kidt°-^  (6) 
Where qt (mg/g) is the amount adsorbed at time t (min) and kjd (mg/g/min-0.5) is the 
intra-particle rate constant. 
The adsorption data was further tested with the Elovich equation which is expressed 
as [25] 
Qt =A +B In t (7) 
Where A and B are Elovich constant. 
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4.2.5 Adsorption Isotherms: 
The experimental data for heavy metals ions were analyzed by Langmuir, 
Freundlich, and Temkin isotherm. 
The Langmuir isotherm is usually expressed as [26]: 
qe = (qmCe)/(b + Ce) (8) 
Where, qe is the equilibrium value of adsorbate adsorbed per unit weight of adsorbent 
(mg/g), qm is the maximum amoimt of adsorption corresponding to monolayer 
coverage (mg/g), Ce is the equilibrium concentration of the adsorbate, b is the 
Langmuir's constant and is related to the measure of affinity of the adsorbate for the 
adsorbent (L/mg). For correlation purposes, the equation is rearranged as shown in 
equation (9) 
Ce/qe = (l/bq^) + (l/qm).Ce (9) 
A linearized plot of Ce/qe against Ce yields a straight line graph which has an 
intercept and slope which correspond to b and qm respectively. 
The Freundlich relationship is given as: 
qe^Kf.Ce''" (10) 
Where, 1/n is a heterogeneity factor, which is a measure of intensity of sorption or 
affinity of the adsorbate for the adsorbent and is less than 1 if the adsorption process 
is favorable; Kf is the Freundlich constant, which is a measure of adsorption capacity 
(mg/g)[27]. The Freundlich equation can be linearized as shown in Eq. 11. 
logqe = logKF+l/nlogCe (11) 
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The constants, kp and n, are determined by plotting log Ce versus log qe. A best fit of 
the experimental data provides values for n and Kf based on the slope and intercept, 
respectively. 
Heat of adsorption and the adsorbent-adsorbate interaction on adsorption isotherm 
was studied by Temkin and Pyzhev [28]. The Temkin isotherm equation is given by 
Qe=RT/bxln(K,Ce) (12) 
The linearized form of equation 12 is 
Qe=BilnK,+BilnCe (13) 
Where Bi=RT/b, T is the absolute temperature in Kelvin, R is the universal gas 
constant (8.314 J/moI K), Kt is equilibrium binding constant (L/mg) and Bi is related 
to heat of adsorption. 
4.2.6 Thermodynamic studies: 
The thermodynamic parameters including change in fi"ee energy (AG°), enthalpy 
(AH^ and entropy (AS°) vv^ ere determined using following equations [29]. 
Kc=Cad/Ce (14) 
AG=-RTlnKc (15) 
log Kc =AS°/2.303R -AH^/2.303RT (16) 
Where Kc is the equilibrium constant, Cad the amount of metal ions adsorbed on the 
adsorbent of the solution at equilibrium (mg f ' ) , Ce is the equilibrium concentration 
of metal ions in the solution (mg 1"'), R is the gas constant, and T is the temperature in 
Kelvin. 
4.2.7 Desorption studies: 
For desorption study, O.lg of adsorbent (BSC) was placed with 50 ml of Cu^ "^  and 
Cd solution of 50 mg/1. After complete adsorption, the adsorbent was filtered and 
washed with double distilled water and contacted with various elluents like O.IM HCI, 
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0.0 IM HCl, O.IM Acetic acid for 3hr and then centrifuged. The supernatant was 
collected and analyzed by AAS. 
4.3 Results and Discussions: 
4.3.1 Characterizations: 
The elemental analysis of Bael shell and Bael shell carbon (BSC) is shown in Table 
4.1. Based on the results in Table 4.1, the carbon content in the BSC has significantly 
increased compared to the raw material due to high carbonization temperature. On the 
other hand, the hydrogen and nitrogen contents are lower than the raw material. A 
slight decrease in the nitrogen content can be explained by lose of nitrogen containing 
groups like amides and amines which were decomposed at temperature above 400 C. 
The decrease in hydrogen content was caused by its removal in the form of moisture 
during carbonization process. 
Table 4.1 :Elemental analysis of Bael shell carbon 
element % bael she! % bael shell carbon 
carbon 
hydrogen 
Nitrogen 
45.81 
7.03 
0.5 
68.67 
3.07 
0.42 
To investigate the adsorption process furthers the SEM micrograph of Bael shell 
carbon before and after adsorption of Cu ^ ion was observed. It has been shown from 
the figure 4.1(A) that the adsorbent is quiet porous in nature. In figure 4.1 (B) these 
pores swells down due to the accumulation of metal ion Cu^ .^ 
(A) (B) 
Fig.4.1: SEM micrograph of Baell Shell Carbon before (A) and after (B) 
adsorption 
The FTIR Spectra of Bael shell carbon before and after adsorption is shown in fig 4.2. 
It has been observed from the fig 4.2 that peaks 3423.29cm'' corresponds to hydroxyl 
103 
(BaeCSBelTCarBon ((RSC) C^* ^ C<^ * 
peaks which include phenolic hydroxyl and alcoholic hydroxyl groups [30]. The shift 
in the peak from 29168.8 to 2921.17 cm'' corresponds to methyl and methylene 
groups and the extension band in the C-H bond of aromatic groups. The peak 1055.20 
to 1057.42 cm' corresponds to gluiacyl characterstic peaks [31]. 
100 
90 
80 
70 
SO; 
50 
40-
30-
20-
10-
0 
-10 
' ' \ 
KW, K 
\ / ' 
? 
V' 
(A) 
(B) 
V 
U 
,1 
i I I ! MV M 
' ' . 
2SC0 2C00 
Wavtnuinbara (cm-1) 
500 
Fig.4.2: FTIR analysis of Baell Shell Carbon before (A) and after (B) adsorption 
The BET Analysis is shown in table 4.3: 
Table 4. 3: BET analysis for Bael shell carbon. 
Parameters 
Surface area 
R^  
Total pore volume 
Pore diameter 
Measurement 
1.633 m2/g 
0.999151 
1.0171 cc/g 
2.623 A" 
4.3.2 Effect of contact time and concentration: 
Fig 4.3 shows the dependence of the amount of metal adsorbed on contact time and 
initial metal ion concentration. There was an initial rapid increase in adsorption and 
the equilibrium was attained in 30 min for both the metal ion. The rapid initial 
sorption was likely due to extra-cellular binding and the slower sorption likely 
resulted from intracellular binding as the carbon surfaces were being covered [32]. 
The plots of metal uptake as a fiinction of time were single, smooth and continuous 
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leading to saturation. This suggests possible monolayer coverage of the metal ions on 
the surface of the adsorbent [33]. The amount of metal adsorbed per unit weight of 
carbon was found to increase with increase in metal ion concentration as increased 
concentrations increased the driving force [34, 35]. 
0 50 100 150 200 
tiine(min) 
Fig 4.3 Effect of contact time 
4.3.3 Effect of pH: 
The pH is an important factor for the adsorption process. Fig.4.4 shows the effect 
of pH studied in the pH range of 1-7, initial concentration of 50 mg/1, temperature 30 
°C and agitation time 2hr for both the metal ions. The sharp increase in the pH is 
observed from 1-7 and the maximum adsorption (25 mg/g) was observed at pH 6. 
After ward the metal precipitations start due to hydroxide formation. At lower pH 
values, HsO"^  ions compete with metal ions for change in sites in the adsorbent. Cu^* 
uptake decreased because the surface area of the adsorbent was more protonated. 
Competitive adsorption occurred between H"^  protons and free Cu^^ ions and their 
hydroxide fixation sites [36]. 
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4.3.4 Adsorption Kinetics: 
The plots for various kinetic model such as pseudo first, pseudo second order and 
elovich model are shown in fig 4.6, 4.7, 4.8. The linear regression coefficient (R )^ of 
various kinetic models was determined and is shown in table 4.3. It was observed 
from the data that it follows pseudo second order model for both the metal ions. The 
experimental qe were found to be close to the estimated one for both Cu and Cd. 
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Fig 4.6 Effect of pseudo 1'* order 
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Fig 4.7 Effect of pseudo l'"^ order 
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2+ Table4.3:Kinetic parameter of Cu and Cd ion 
s.no 
1 pseudo 1'' 
Order 
K, 
Qe 
R^  
2 pseudo 2"" 
Order 
K2 
qe 
R2 
3 Intraparticle 
Diffusion 
Kid 
C 
R^  
Elovich 
4 Equation 
A 
B 
R^  
Cu 
0.0716 
5.758 
0.4936 
3.218x10^ 
22.4 
0.998 
0.0113 
22.089 
0.6494 
21.998 
0.2289 
0.5923 1 
Cd 
0.0497 
12.41 
0.7571 
1.155x10' 
21.23 
0.9945 
0.1808 
3.9286 
0.9143 
1.7585 
4.0547 
0.7794 
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The plot for intra-particle diffusion is shown in fig 4.9. The values of Kjd, C and R^  
were calculated from the plot and shown in the table 4.3. The value of intercept gives 
an idea about the boundary layer thickness i.e. larger the intercept; greater is the 
boundary layer effect [37]. It is seen from the table 4.3, that the value of intercept is 
not zero but high in case of Cu^"*" whereas it is lesser in case of Cd^^ This result 
implies that boundary layer diffusion is the rate confrolling step for the adsorption 
process m case ofCu^^ ion. 
25 
Fig 4.9 Intraparticle diffusion 
4.3.5 Adsorption Isotherm: 
Non-linear analysis of isotherm data is an interesting mathematical approach for 
describing adsorption isotherms at constant temperature for water and waste water 
treatment and to predict the overall sorption behavior under different operating 
conditions [38]. The Langmuir, Freundlich and Temkin isotherm plots was shown in 
fig 4.10,4.11,4.12 and values were tabulated in table 4.4. 
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Fig 4.10 Langmuir Isotherm 
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Fig 4.11 Freundlich Isotherm 
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Table4.4 : Adsorption isotherm of Cu^^ and Cd^^ 
s.no 
1 
2 
3 
langmuir 
Isotherm 
qm 
B 
RSE 
Pvalue 
chi-sqr 
Freundlich 
Isotherm 
Kf 
1/n 
R2 
RSE 
Pvalue 
chi-sqr 
TemJcin 
isotherm 
B, 
K. 
R^ 
RSE 
Pvalue 
chi-sqr 
Cu 
45.4 
2.22 
0.9708 
0.01171 
1.249 
0.815 
17.16 
0.52 
0.75 
0.11 
0.002 
0.818 
13.95 
3.65 
0.89 
4.19 
9.93 
0.680 
Cd 
• 
I 
• Cu 
• Cd 
3.5 4 
45.7 
0.02812 
0.8718 
0.1227 
0.00023 
0.443 
2.60 
0.60 
0.98 
0.025 
1.321 
0.346 
9.09 
-3.02 
0.91 
2.17 
6.12 
0.315 
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The data for the isotherm was fitted by using R-Software, version 2.10.1 (2009-12-
14). To evaluate the fitness of the data, the correlation coefficient (R^), Residual 
standard error (RSE), p values were calculated. The values of the constants obtained 
for different models were fitted and qe (cal) were calculated. The values of qe found 
experimentally (qc (exp)) were compared with qe (cai) using chi-square test (x^). Chi-
square test values were calculated from the following relation. 
X' = Z [qe(exp) - qe(cal)] Vqe(cal) ( 1 7 ) 
According to the data given in the table 4.4, the values of correlation coefficient (R^), 
RSE, P and (x )^ in case of Cu^^ ions follows the Langmuir isotherm because the (R^) 
value is more and other error factors are smaller which shows that data in case of Cu^^ 
ion fits better for Langmuir isotherm. In case of Cd ion the value of R^  is large for 
Freundlich isotherm and the error factors (RSE, P, (x^)) values are least, which 
suggest that data in case of Cd^* fits better for Freundlich isotherm. 
4.3.6 Thermodynamic Studies: 
The plot of log Kc verses 1/T was shown in fig 4.13. The values of AH°, AS° and AG*^  
at different temperature were calculated from fig 4.13 and are presented in table 4.5. 
The positive value of AIT confirms that process is endothermic in nature. The 
negative value of AG° increases with increase in temperature shows spontaneity and 
favorability of process. While the positive value of AS° indicates randonmess at 
solid/liquid solutions interface during adsorption of Cu^* and Cd^^ ions. 
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0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335| 
Fig 4.13 log Kcvsl/T 
Thermodynamic parameter of Cu * and Cd "^  
Table 
4.5: 
Cu 
s.no 
Cd 
s.no 
1 
2 
3 
ions 
temp(K) 
303 
313 
323 
temp(K) 
AG^KJ/mol) 
-2.24 
-2.62 
-3.09 
AG°(KJ/mol) 
AH" 
(KJ/mol) 
6.92 
AH" 
(KJ/mol) 
AS" (KJ/mol 
K) 
0.030 
AS" 
(KJ/mol K) 
R^  
0.933 
5 
R2 
1 
2 
3 
303 
313 
323 
-3.80 
-4.314 
-5.34 
12.71 
0.856 
0.054 3 
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4. 3.7 Desorption: 
The desorption of Cu^^ and Cd^^ ion was carried out with 50 ml of 0.1 M HCl and 0.1 
M Acetic Acid by batch process. It was found that more then 90% of metal ion could 
be desorbed by 0.1 M HCl in both the cases. 
4.4 Conclusion: 
The studies shows that Bael shell carbon (BSC) proved to be a good adsorbent for the 
removal for both Cu and Cd ions from aqueous solution. The adsorption is very 
fast and the equilibrium was attained in 30 min. The maximum adsorption (25 mg/g) 
was observed at pH 6 for both the metal ions. The adsorption data follows the pseudo 
second order kinetic model for both the metal ions. The boundary layer diffusion is 
the rate controlling step for the adsorption of Cu^ "^  ion. The isotherm data shows that 
Cu^* adsorption follows the langmuir isotherm while the Cd^ "^  follows the freundlich 
isotherm model. The positive value of AH° confirms that the process is endothermic in 
nature. The desorption studies shows that both the metal ions can be desorbed more 
than 90% by using 0.1 M HCl solution. 
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Chapter 5 
5.1. Introduction 
Heavy metal is one of important pollutants in wastewater, and it has become a public 
health concern because of its non-biodegradable and persistent nature, f he toxicity oi~ 
these metals is enhanced through accumulation in living tissues and consequent bio-
magnification in the food chain [1]. The removal of these toxic heavy metals is of 
great interest in the field of water pollution control system. Lead belongs to the class 
of heavy metals that constitute profoimd environmental contamination. It is a general 
metabolic poison, enzyme inhibitor and causes serious problems especially mental 
retardation in humans [2, 3]. Lead can contaminate the enviroimient through 
geochemical and anthropogenic processes. The anthropogenic processes are coal 
combustion, sewage wastewater, automobile emission, batteries, and utilization of 
fossil fuels i.e. industrial wastewater [4]. The permissible limit of Pb^^ in wastewater 
set by EPA is 0.05 mg/1 and by bureau of Indian Standard (BIS) 0.1 mg/1 [5] and for 
drinking water set by EU, USEPA and WHO are 0.010, 0.015 and 0.010 mg/1 
respectively [6, 7]. Therefore it is necessary to remove Pb^ "^ from wastewater before 
disposal. 
A number of processes exist for the removal of metal pollution from wastewater viz. 
precipitation, electroplating, ion exchange, solvent extraction and membrane 
separation. But these processes have several disadvantages such as incomplete metal 
removal, high reagent and energy requirement and generation of toxic sludge/waste 
product that require disposal and further treatment. This led to the need to develop an 
effective, low cost and envirorunent friendly process for wastewater treatment. 
Adsorption is an efficient and economical process used for removal of heavy metals 
from industrial wastewater. 
Recently, various agricultural waste materials have been extensively investigated for 
their ability to remove different contaminants from water and wastewater [8-12]. 
Therefore, testing the performance of other waste materials that are available in 
abundance to find a low-cost and efficient alternative adsorbent is necessary. 
Pistachio (Pistachia Vera L.Anacardiaceae) shell carbon (PSC), an agricultural waste 
material available in abimdance in India has been used as an adsorbent for the 
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removal of Pb^ "^  from aqueous solution. The effects of various parameters like pH, 
time, dosage and concentration have been observed. The dynamic behavior of Pb^ ^ 
concentration was examined by pseudo-first order, pseudo-second order and intra 
particle diffusion. Adsorption isotherm and thermodynamic studies were also 
conducted. 
5.2. Experimental 
5.2.1. Materials 
Stock solution of lead (1000.0 mg L"') concentration was prepared by dissolving 
appropriate amount of Pb (N03)2 (CDH, India). Working reference solutions were 
obtained daily by stepwise dilution from stock solution. All reagents were of 
analytical grade. A Atomic absorption spectrophotometer (GBC-902, Australia) was 
used for measuring Pb^ "^  in air-acetylene flame. 
5.2.2. Adsorbent Preparation 
Pistachia Vera L. was prepared from green pistachio shell wastes procured from a 
local market (Aligarh) India. Prior to use, the pistachio green shell waste was washed 
with double distilled water to remove the adhering dirt and then dried at 80 °C. The 
dried materials were then placed in the muffle ftimace for Ihr maintained at 750 °C. 
The resultant carbon obtained was groxmded and sieved (50-100 mesh) size and 
washed with double distilled water. The resultant carbon was dried and used as such 
for further studies. 
5.2.3. Characterization 
The surface structure of PSC particles was analyzed by scaiming electron microscopy 
(SEM, LEO-450, England) at 1500 magnification The characterizations of the 
adsorbent were done by Fourier transform infrared spectroscopy (FTIR) to study the 
functional groups in the range of 400-4000 cm"' using FTIR spectrophotometer 
(Inter-spec 2020, Spectrolab, UK) in KBr pellets. The concentration of Pb^* was 
analyzed using Atomic Absorption Spectrophotometer (GBC 902, Australia). The 
pH measurements were made using a pH meter (Elico LI-120, India). The Elemental 
analysis of PSC was performed using EA1108 (Carlo- Erba). 
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The adsorption efficiency (%) and capacity (qe) of adsorbent were calculated from the 
following equation 1&2 
% Removal = 100 (Co-C)/C (1) 
qe = (Co-C)/W*V (2) 
Where 
Co = initial metal ion concentration (mg/l) 
C = final metal ion concentration (mg/l) 
W = weight of the adsorbent (g) 
V = volume of the metal ion solution (L) 
For desorption study, O.lg of adsorbent (PSC) was placed with 50 ml of Pb^* solution 
of 50 mg/l. After complete adsorption, the adsorbent was filtered and washed with 
double distilled water and contacted with various elluents like O.IM HCl, 0.0IM HCl, 
O.IM EDTA and O.IM Acetic acid for 3hr and then centrifiiged. The supernatant was 
collected and analyzed by A AS. 
5.3. Results and discussion 
5.3.1. SEM and FTIR Analysis 
The SEM micrograph of surface PSC particles is shown in Fig. 5.1, which displays 
amorphous nature with smooth surfaces and pores which have been occupied by lead 
particles after adsorption FTIR spectra before and after adsorption of Pb^* on PSC are 
shown in fig 5. 2. As can be seen from the Fig 5.2 the PSC displays number of peaks 
which shows the presence of various fimctional groups in the adsorbent. The peak at 
2362.7 cm'' shows adsorption band of-NH2 group and the peak at 2919.0 and 2822.7 
cm"' can be assigned to asymmetric and symmetric -CH2 groups respectively. The 
peaks at 3202.0-3623.0 cm*' is assigned to -OH and-NH groups. The c-c stretching of 
aromatic rings of lignin may be assigned to the peaks atl511.0 cm''[14, 15] whereas 
the peak at 111 6.3 cm'' may be due to c-o bending. 
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5.2.3.1 Point of Zero charge 
The determination of point of zero charge (pHzc) was done to investigate the surface 
charge of PSC mentioned elsewhere [13]. For that O.IM KCl solution was prepared 
and its initial pH was adjusted between 2.0 to 12.0 by NaOH and HCl, and then 25 ml 
of O.IM KCl was taken in the 100ml flasks and 0.05g adsorbent was added to each 
solution. The flasks were kept for 24 hrs and the final pH of the solution was 
measured by using the pH meter. The graph was plotted between initial and final pH 
and the point of zero charge was determined. 
5.2.3.2. Determination of active sites 
The active sites present on the surface of the adsorbent were determined by acid-base 
titration method. The acidic sites were determined by adding 25ml of 0.1 N titrating 
solution such as NaOH, NaiCOs, NaHCOs and O.lg adsorbent in 100 ml standard 
flasks. The flasks were slowly agitated at room temperature (30 °C) in a shaker and 
left for 4-5 days. Afterward a sample of 10 ml was titrated with O.IN HCl solution to 
its neutralization point and the titration was done in triplicate. 
5.2.4. Metal Selectivity 
The selective nature of PSC was studied for Pb (II), Cu (II), Ni (II), and Cd (II). PSC 
shows affinity for metal ion in the order of Pb> Cu> Cd> Ni. Therefore, on the basis 
of primary study the Pb^ "^  was selected for detailed adsorption studies. 
5.2.5. Batch Study 
To study the effect of various parameters like solution pH, agitating time, initial 
concentration, temperature and dosage the batch experiments were conducted. For 
that O.lg of adsorbent (PSC) was placed in the conical flask with 50 ml metal ion 
solution of desired concentration (50 mg/1) for 5 -180 mints at 30 °C for 3hr and 
placed in the shaker for shaking at 120 rpm. The effect of solution pH was performed 
in the pH range 2-6 for 50 mg/1 Pb^^  solution. The pH was adjusted using O.IM HCl 
and O.IM NaOH. After equilibrium, the sample was centrifuged and the final 
concentration of metal ion was determined by Atomic adsorption spectrophotometer. 
121 
(Pistachio S/ieirCar6on (<PSC) - <PS^* 
(A) (B) 
Fig. 5.1 SEM Micrograph of Pista Shell Carbon (PSC) before (A) and after (B) 
adsorption 
A shift in the peaks has been observed from 2850.0 to 2846.0 cm"' and 2919.0 to 
2979.8 cm' in the Pb ion loaded adsorbent. The shift in the peak from 3251 to 
3242.6 cm"' shows the decrease in the intensity after adsorption. The shift in the peak 
fi-om 2362.7 to 2340.2 cm"' is due to the adsorption of Pb^ "^  ion. The changes in the 
ftanctional groups like hydroxyl, amino groups, -CH2 group is due to surface 
complexation [16, 17]. 
liflWi 
2 5 0 0 
Fig5. 2: FTIR Spectra analysis [A] before adsorption [B] after adsorption. 
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5.3.2. Elemental Analysis 
The elemental analysis of PSC was shown in table 5.1. Based on the results in table 
5.1, the carbon content in the PSC has significantly increased compared to the raw 
material due to high carbonization temperature. The nitrogen content was found to be 
zero. The decrease in hydrogen content was caused by its removal in the form of 
water during carbonization process. 
Table 5.1 
Element 
% 
Carbon 
83.07 
Elemental Analysis of PSC 
Hydrogen 
1.84 
Nitrogen 
0 
5.3.3. Determination of active sites and point of Zero charge 
The total number of acidic sites matching carboxylic, phenolic and lactonic sites were 
neutralized using alkaline solutions of (O.IN NaOH, O.IN NaHCOs and O.IN 
NaaCOs) [18]. The carboxylic and lactonic sites were determined by O.IN Na2C03 
solution, the carboxylic sites were determined with O.IN NaHCOs solution and the 
phenolic sites were estimated by the difference. The point of Zero charge when ApH 
=0 is found to be 5.68 (Fig 5.3). The amount of active site present in the adsorbent is 
given in table 5.2 which sows the highest amount of acidic sites present in the 
adsorbent. 
Fig 5.3 Point of zero charge 
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Table 5.2: Determination of active sites. 
Active Sites 
Acidic 
Carboxylic+ lactonic 
Carboxylic 
Phenolic 
Basic 
Concentration (mg/g) 
0.2 
0.12 
0.026 
0.094 
0.08 
5.3.4. Effect of contact time 
The contact time was studied in the range of 5 to 180 mints at 30 °C at different 
concentration. The adsorption kinetics of PSC for Pb^"*^  was shown in fig 5.4 which 
shows a very fast adsorption in the beginning and then slows down. The adsorption 
equilibrium is attained in about 180 min. and after this period the amount of metal ion 
adsorbed did not show significant change with time. The rapid uptake of metal ion on 
the adsorbent may indicate that most of reaction sites of the adsorbent were exposed 
for interaction with metal ion. Furthermore, the presence of hydroxyl group on 
adsorbent forms a complex between metal ion and adsorbent surface causing faster 
adsorption. 
3 
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Fig 5.4 Effect of contact time and concentration 
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5.3.5. Effect of concentration 
.2+ The effect of concentration for Pb adsorption was studied in the concentration range 
of (20-100 mg/1) and is shown in fig 5.5. At initial metal ion concentration, adsorption 
capacity is low while with increase in concentration the adsorption capacity increases. 
This effect is due to high driving force for mass transfer [19]. At lower metal ion 
concentration, the metals were adsorbed to specific sites but with increase in 
concentration the specific sites are saturated and exchange sites are filled [20]. 
60 
50 
40 
I 30 
20 
10 
20 100 120 40 60 80 
concentration (ppm) 
Fig 5.5 Effect of concentration 
5.3.6. Effect of pH 
One of the most important factors affecting the adsorption of metal ions is the acidity 
of solution. The acidity of medium affects the competition of H"^  ion and the metal ion 
for active sites on the adsorbent surface [21]. The effect of pH on the adsorption of 
Pb^ "^  onto Pistachia Vera L. was studied by changing the pH values in the range 1-6. 
With increase in pH, the adsorption capacity also increases and maximum capacity 
(24 mg/g) was observed at pH 6 as shown in fig 5.6. As after pH 6, there was 
formation of soluble hydroxyl complexes of metal ion, so the study was conducted 
upto pH 6 only. At low pH value (pH<2.0), protons occupy most of the adsorbent 
sites and little Pb could be sorbed because of electric repulsion with the protons of 
carbon. 
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5.3.7. Effect of Adsorbent dosage 
The effect of adsorption dosage was studied at initial metal ion concentration of 50 
mg/1 at pH 6 .The results show that with increase in dosage the adsorption capacity 
decreases (Fig 5.7). This is due to left out adsorption sites which remain unsaturated 
during the reaction [22]. 
40 
5* 
"5) 
E. 
a-
Amount of doses (g) 
Fig 5.7 Effect of doses 
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5.3.8. Adsorption Isotherms 
The equilibrium adsorption isotherms are one of the most important parameter to 
understand the mechanism of adsorption. The adsorption process is described by the 
Langmuir, Freimdlich, and Temkin isotherm. The Hnear form of the Langmuir 
isotherm equation is given as [23]. 
Ce/qe=l/b.qm+Ce/qm (3) 
Where qe is the equilibrium capacity (mg/g); Ce is the equilibrium concentration 
(mg/1); qm is the monolayer adsorption capacity of adsorbent (mg/g); b is the 
Langmuir constant (L/mg) which is related to free energy of adsorption. A plot of 
Ce/qe vs. Ce is shown in fig.5.8 and the values obtained are given in the table 5. 3. 
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Fig 5.8 Langmuir Isotherm 
Freundlich isotherm is applied for multilayer adsorption on heterogeneous adsorbent 
and it assumes that adsorption sites increases exponentially v^th respect to heat of 
adsorption and freundlich equation is an empirical equation. The linear form of 
freundlich equation is given as [24]. 
log qe = log Kf+l/n log Ce (4) 
Where qe is adsorption capacity ((mg/g), Ce is the equilibrium concentration (mg/1), 
Kf and n are freundlich constant related to adsorption capacity and adsorption 
intensity respectively. The plot of log qe vs. log Ce is shown in fig 5.9 and values of 
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the constant and R* are shown in table 5. 3. The value of n and correlation coefficient 
(R^) predict the adsorption isotherm favorability and feasibility. The value of n<l 
shows the favorability and feasibility in the process. 
1.8 
a> 
o* 
tr 
o 
logce 
Fig 5.9 Freundlich Isotherm 
Heat of adsorption and the adsorbent-adsorbate interaction on adsorption isotherm 
was studied by Temkin and Pyzhev [25].The Temkin isotherm equation is given by 
qe = RT/b In (K, Ce) (5) 
The linearized form of equation is 
qe=BilnK,+BilnCe (6) 
Where Bi=RT/b, T is the absolute temperature in Kelvin, R is the universal gas 
constant (8.314J/mol K), Kj is equilibrium binding constant (L/mg) and Biis related to 
heat of adsorption. A plot of In qe vs. In Ce is shown in fig 5.10 and the values of the 
slope, intercept and R* are given in table 5.3. It is observed from the table 5.3 that the 
correlation coefficient (R )^ shows the most favorability of adsorption of Pb^* on PSC 
by langmuir model. 
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1.5 
2+; Table 5.3: Adsorption isotherm of Pb ion 
Isotherm 
Langmuir Isotherm 
gm (mg/g) 
b (L/mg) 
R^  
Freundlich Isotherm 
Kf 
1/n 
R^  
Temkin Isotherm 
B, 
K, 
R^  
30"C 
7.17 
-0.356 
0.994 
6.64 
0.0968 
0.9788 
35.38 
-1.68 
0.9687 
40"C 
6.54 
-0.51 
0.989 
6.59 
0.0715 
0.9719 
38.1 
-1.733 
0.9609 
50"C 
7.092 
-0.5 
0.9914 
5.77 
0.0645 
0.9796 
37.76 
-1.784 
0.9631 
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5.3.9. Adsorption kinetics 
In order to examine the controlling mechanism of adsorption process such as mass 
transfer and chemical reaction, pseudo first order, pseudo second order and 
intraparticle diffusion kinetic equation were used to test the experimental data. 
The linearized form of pseudo first order rate equation is given as [26, 27]. 
log (qe-qt) = log qe-Kit/2.303 (7) 
qe = adsorption capacity of metals ions at equilibrium (mg/g) 
qt = adsorption capacity at time t (mg/g) 
Ki = rate constant (min"') 
Ki and R^  of Pb^ "^  at different concentration were calculated from linear plot of log 
(qe-qt) vs. t as shown in fig 5.11 and given in table 5. 4. 
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Fig 5.11 Pseudo 1" order 
The kinetic data was also analyzed using pseudo second order kinetics. The linearized 
form of equation [28, 29]. 
t/qt = t/qe + I/K2 qe^  (8) 
Where qt = amount of metal ion adsorbed (mg/g) at given time t (min) 
qe = amount of metal ions adsorbed at equilibrium (mg/g) 
K2 = 2"** order rate concentration for adsorption (g/mg~l min) 
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The K2, qe value and corresponding linear regression coefficient R^  under different 
concentration were calculated from linear plot of t/qt Vs t as shown in fig 5.12 and 
given in table 5.4. 
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Fig 5.12 Pseudo 2"" order 
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The results were compared with correlation coefficients (R )^ as shown in table 5. 4. 
The R^  value for Pseudo- second order is high as compared to first order rate kinetics. 
The qe (exp) value of second order also agreed well with calculated data as compared 
to first order rate kinetics. The value of rate constant K2 decreases with increase in 
lead ion concentration because at low concentration there is less competition for the 
sorption surface sites, with increase in concentration for the sorption surface sites 
increases. A similar phenomenon was also observed for Pb^^  on other natural 
adsorbent [30, 31, 32, 33]. Therefore, it is concluded that adsorption system follows 
Pseudo- second order kinetics. 
The intra-particle diffusion model [34, 35] was considered for the adsorption of Pb^ ^ 
ion. It is given as: 
qt = Kidt '^+C 
1/2 
(9) 
Where Kjd (mg/g min- ) is the intraparticle diffusion rate constant 
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The values of Kid, C and R^  were calculated from the slope of plot qt vs t"^ as shown 
in fig 5.13 and given in the table 5. 4. The value of intercept gives an idea about the 
boundary layer thickness i.e. larger the intercept the greater is the boundary layer 
effect [36]. It is seen from table 5. 4, the value of intercept is not zero but high and it 
increases with increase in lead ion concentration. This result implies that boundary 
layer diffusion is the rate controlling step for the adsorption process for PSC and it is 
dominant when initial lead ion concentration is higher. 
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Fig 5.13 Intra particle diffusion 
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2+ Table 5.4: Kinetic parameters of Pb ion. 
Model 
Pseudo 1st order 
qe(exp) 
qe(cal) 
K, 
R^  
Pseudo 2nd order 
qe(exp) 
qe(cal) 
K2 
R^  
Intra particle diffusion 
Kid 
C 
R^  
SOppm 
19.5 
18.6 
0.166 
0.9941 
19.5 
31.4 
9.869x10^ 
0.9967 
0.07 
12.55 
0.791 
100 ppm 
49 
24.04 
0.176 
0.9957 
49 
47.8 
1.2089x10' 
0.9997 
0.063 
42.75 
0.727 
150 ppm 
65 
31.4 
0.185 
0.9997 
65 
64.5 
5.3336x10' 
0.9999 
0.018 
62.39 
0.914 
5.3.10. Thermodynamic studies 
The thermodynamic factors were studied in the temperature range of 303-323 K. The 
thermodynamic parameters such as enthalpy change (AH°), entropy change (AS^ ) and 
Gibbs free energy change (AG°) were estimated using the following equation [37]. 
Kc = Cs/Ce (10) 
Where Kc is the equilibrium constant 
Cs the solid phase concentration at equilibrium (mg/1) 
Ce the equilibrium concentration in solution (mg/1) 
AG° = -RTlnKc (11) 
log Kc = AS*'/2.303 R- AH°/2.303 RT (12) 
AH° and AS° were determined by Van't Hoff equation: 
The values of AH° and AS° were obtained from the slope and the intercept of the plot 
log Kc vs. 1/T as shown in fig 5.14 and presented in table 5. 5. 
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1.66 
1.64 
1.62 
1.6 
1.58 
1.56 
1.54 
y=-285.71 x+2.4886 
R2 = 0.9368 
0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 
Fig 5.14 Log Kc vs. 1/T 
Values of AG° are negative confirming the adsorption of Pb^ "^  ion onto PSC is 
spontaneous and thermodynamically favorable at high temperature. The value of AH*^  
obtained is in the range of physiosorption. The +ve value AH** and AS° indicate the 
endothermic nature and the randomness at solid/liquid solution interface during the 
adsorption of Pb^* respectively. 
2+ Table 5.5: Thermodynamic parameters of Pb ion. 
Temperature ("C) AG°(KJ/moI) AH°(KJ/mol) AS°(KJ/molK) R^  
30 
40 
50 
-9.01 
-9.52 
-10.17 
5.47 0.047 0.9368 
5.3.11. Desorption 
The desorption of Pb^* ion from the PSC was carried out by using different solvents 
like HCl (0.1M,0.01M), Acetic acid (O.IM), EDTA (O.IM). It was observed that 
maximum 82.9% of Pb ion could be desorbed by 0.1 M HCl solution as shown in fig 
5.15. 
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Fig 5.15 Desorption of Pb^ ^ 
5.4. Conclusion 
In the light of the finding of this work, the following conclusion can be drawn: 
• The lead uptake at equilibrium by PSC could be described by three models 
(Langmuir, Freundlich and Temkin). The correlation coefficient (R )^ shows 
that Freundlich and Temkin isotherm best fitted to the data as compared to 
Langmuir. 
• The adsorption process follows the pseudo second order kinetics. 
• The intra-particle diffusion is the rate controlling step in this process. 
• The negative value of AG° indicates the feasibility and spontaneity of the 
adsorption process. The +ve AH" value suggest the endothermic nature of 
adsorption. The +ve AS^  value reflects the affinity of PSC towards lead. 
• 82.9 % of lead was desorbed by 0.1 M HCI solution. 
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Chapter 6 
6.1. Introduction 
Heavy metal ions such as lead, cadmium, mercury, chromium, nickel, zinc and copper 
are non-biodegradable, toxic and carcinogenic even at very low concentrations, and 
hence, usually pose a serious threat to the environmental and public health [1]. Lead 
is a kind of common contaminants in industrial wastewaters, and considerable 
attention has been paid for its removal from industrial wastewaters. 
The traditional methods for the treatment of lead and other toxic heavy metal 
contaminated in wastewaters include complexation, chemical oxidation or reduction, 
solvent extraction, chemical precipitation, reverse osmosis, ion exchange, filtration, 
membrane processes, evaporation and coagulation, nevertheless these techniques have 
disadvantages including incomplete metal removal, high consumption of reagent and 
energy, low selectivity, high capital and operational cost and generation of secondary 
wastes that are difficult to be disposed off [2,3]. Adsorption, on the other hand, is one 
of the most recommended physico-chemical treatment processes that is well 
recognized as one of the highly efficient methods for recovery and treatment of heavy 
metals fi-om their matrices, samples and aqueous solutions based on the utilization of 
solid adsorbents from either organic, inorganic, biological or low-cost materials[4]. 
According to the ranking of metal interested priorities referred by Volesky [5]. 
Pb^ "^  is one of the most interesting heavy metal for removal and recovery considering 
the combination of environmental risk and reserve depletion. This metal is widely 
used in many industrial applications, such as storage battery manufacturing, painting 
pigment, fuels, photographic materials, explosive manufacturing, coating, automobile, 
aeronautical and steel industries [6-9]. Lead pollution results from textile dyeing, 
ceramic and glass industries, petroleum refining, battery manufacture and mining 
operations [10]. Lead is a highly toxic and cumulative poison, accumulates mainly in 
bones, brain, kidney and muscles. Lead poisoning in human causes severe damage to 
kidney, nervous and reproductive systems, liver and brain [11]. In drinking water, 
even at a low concentration may cause anemia, encephalopathy, hepatitis and 
nephritis syndrome [12]. The permissible limit for Pb^ "^  in waste water as set by 
Environmental Protection Agency (EPA) is 0.05mgL'' and that of Bureau of Indian 
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Standard (BIS) is 0.1 mgL"' [13] and in drinking water intended for drinking, as set by 
EU, USEPA and WHO are 0.010, 0.015 and O.OlOmgL"', respectively[14, 15]. It is 
therefore, essential to remove Pb^* from wastewater before disposal. In our earlier 
studies we have utilized various type of low cost adsorbents like coniferous Pinus 
bark powder, treated ginger carbon, Polyaniline/iron oxide composite, alumina 
reinforced polystyrene for the removal of dyes/metals from aqueous solution [16-18]. 
In this work a comparative study using a low cost adsorbent Mentha 
piperita (an agricultural solid waste) treated form of carbon was used for the removal 
of Pb^* and the combination of (Pb + Cu + Ni + Cd) from aqueous solution by 
systematic evaluation using a set of parameters like pH, concentration, time, 
temperature and Ionic strength. The comparative behavior was examined using 
pseudo first order, pseudo second order, intraparticle diffusion and Elovich equation. 
Isotherm studies and thermodynamic behavior was also evaluated. 
6.2. Experimental methods 
6.2.1. Materials: 
Solutions of different metal ions (lead nitrate, cadmium nitrate, nickel nitrate 
and copper nitrate) are of analytical grade. Stock solutions (lOOOmg/1) of different 
metal ion were prepared by dissolving the required quantity in double distilled water. 
HCl, NaOH, ZnCb, NaNOs were of analytical grade. 
6.2.2. Adsorbent preparation: 
The adsorbent was collected from one of the villages of Aligarh city, India. 
Prior to use, the mentha was washed wdth double distilled water to remove the 
adhering dirt and dried at 80 °C. The dried material was then placed in the silica 
crucible and kept in the muffle furnace at 750 ''C. The resultant carbon was cooled in 
the desiccators, grounded and sieved to (50 -100) mesh size. The carbon prepared was 
then treated with O.IM ZnCli for 24 hrs. It was then filtered and washed with double 
distilled water. The material was further washed with 0.5 M HCl and then again with 
double distilled water to remove the acid. It was further dried in oven and used as 
such for adsorption studies. 
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6.2.3. Characterization 
The surface structure of MTC particles was analyzed by scanning electron 
microscopy (SEM, LEO-450, England) at 1500 magnification. The characterizations 
were done to study the functional groups in the range of 400-4000 cm'' by FTIR 
spectrophotometer (Inter-spec 2020, Spectrolab, U.K.) in KBr pellets. The 
concentration of Pb^ "*^  and combination of metal ions was analyzed using Atomic 
absorption spectrophotometer (GBC 902, Australia). The pH measurements were 
made using a pH meter (Elico LI-120, India). The elemental analysis of adsorbent 
was performed using EA1108 (Carlo-Erba). The specific surface area of the 
adsorbent was determined by the BET Analysis (Quantachrome Autosorb, U.S.A). 
The total number of acidic sites matching carboxylic, phenolic and lactonic sites was 
neutralized using alkaline solutions (O.IN NaOH, O.IN Na2C03, 0.1 N NaHCOs) [19]. 
6.2.4. Point of Zero charge 
The determination of point of zero charge (pHzpc) was done to investigate the 
surface charge and acid and basic character of adsorbent [20]. For that 0.1 M KCl 
solution was prepared and its initial pH was adjusted between 2 to 12 by NaOH and 
HCl and then 25ml of 0.1 M KCl was taken in the 100 ml flasks and 0.05g adsorbent 
was added to each solution. The flasks were kept for 24 hrs and the final pH of the 
solution was measured by using the pH meter. The graph was plotted between initial 
and final pH and the point of Zero charge was determined. 
6.2.5. Batch adsorption study 
The batch biosorption experiments were carried out in 250 ml erlenmeyer 
flasks containing 25 ml Pb^ "^  and a quaternary system (50 mg/1) on a rotary shaker at 
120 rpm and a temperature of 30 °C. The samples were taken at definite time intervals 
of (5, 10, 15, 30, 60, 120 and 180 min) and were filtered after 3hr. The Pb^^ in the 
remaining solution was then analyzed. The effect of solution pH was performed in the 
range (2-7) for 50mg/l. The initial metal ion concentration was determined between 
(20-100 mg/1). The adsorption efficiency (%) and capacity of adsorbent were 
calculated fi-om following equation: 
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%=100x(Co-C)/C (1) 
Qe = (Co-C)/WxV (2) 
Where 
Co is initial metal ion concentration (mg/1), C is final metal ion concentration (mg/1), 
Qe is adsorption capacity (mg/g), W is weight of the adsorbent in gm, V is the volume 
of the metal ion solution (1). 
6.3. Results and Discussions 
6.3.1. Characterization 
The SEM micrograph of MTC surface is shown in Fig. 6.1, which displays 
flask type amorphous particles with smooth surfaces and pores which have been 
occupied by lead particles after adsorption. The FTIR spectra of menthe treated 
carbon before and after adsorption of Pb was shown in Fig 6.1. The shift in the 
peak from 2361.2 cm"' to 2358.7 cm'' is attributed to CH-groups. The shift in the peak 
from 1457.9 cm'' to 1590.4 cm'' is attributed to C-C- bonds of aromatic rings [21]. 
The peaks 1702.1 cm-1 to 1723.0 cm'' is due to C=0 groups. The shift in the peaks 
from 1221.4 cm"' to 1219.8 cm'' is attributed to C-0 groups. 
Fig 6.1: SEM Micrographs (A) before adsorption and (B) after adsorption 
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Fig 6.2: FTIR spectra (A) before and (B) after adsorption 
6.3.2. Elemental Analysis 
The elemental analysis of menthe treated carbon is shown in table 6.1 .The high 
percentage of carbon (77.96%) present in the material is responsible for greater 
amount of adsorption of lead from aqueous solution. The active sites are shown in 
table 6.2. The BET Analysis for the specific surface area has been presented in table 
6.3: 
Table 6.1: Elemental analysis of menthe treated adsorbent 
element % 
Carbon 
Hydrogen 
Nitrogen 
77.96 
2.59 
0.93 
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Table 6.2: Determination of active sites 
active sites 
Acidic 
Carboxylic 
lactonic+carboxylic 
Phenolic 
Basic 
conc(mg/l) 
0.1 
0.03 
0.13 
0.09 
0.057 
Table 6.3: BET analysis for treated menthe carbon. 
Parameters 
Surface area 
R^  
Total pore volume 
Pore diameter 
2.450 m2/g. 
0.996883 
1.459 cc/g 
2.383A' 
3c 
a 
14 
12 
10 
8 
6 
4 
2 
0 
pHi 
pHf 
4 6 8 
pHi 
Fig 6.3 Point of zero charge 
10 12 14 
6.3.3. Effect of contact time 
The contact time was studied in the range of 5-180 min at 30 °C 50 mg/1 for 
both Pb^ "^  and combination of metal ions (fig 6.4). This shows a very fast adsorption 
in the beginning and then slows down. The adsorption equilibrium is attained in about 
180 minutes and after this time the amount of metal ion adsorbed did not change 
significantly with time. The rapid uptake of metal ion on the adsorbent may indicate 
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that most of reaction sites of the adsorbent were exposed for interaction with metal 
ion. Furthermore, the presence of hydroxy! group in adsorbent forms a complex 
between metal ion and adsorbent surface causing faster adsorption. 
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Fig 6.4 Effect of contact time 
6.3.4. Effect of pH 
The pH plays an important role in the adsorption process by affecting the 
surface charge of adsorbent, the degree of ionization and speciation of the adsorbate. 
Thus the effect of pH in the solutions on the removal efficiency of Pb and 
quaternary system was studied at different pH range from 2 to 7 and the results are 
shown in fig. 6.5. The acidity of medium affects the competition of H"*" ion and the 
metal ion for active sites on the adsorbent surface [22]. At lower pH, there is the 
more competition of H"*" ion and metal ions for the available adsorption sites. 
However, as pH increases, this competition decreases as these surface active sites 
become more negatively charged, which enhances the adsorption of the positively 
charged metal ions through electrostatic force of attraction [23]. The maximum % 
removal of Pb ion was observed at pH 6. 
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Fig 6.5 Effect of pH 
6.3.5. Adsorption isotherms 
The adsorption equilibrium is usually described by an isotherm equation 
whose parameters express the surface properties and affinity of the adsorbent. 
Adsorption isotherms can be generated based on theoretical models where Langmuir 
and Freundlich models are the most commonly used ones [23]. The Langmuir model 
assumes that uptake of metal ions occurs on a homogenous surface by monolayer 
adsorption without any interaction between adsorbed ions. The linear form of 
Langmuir isotherm equation is given as [24]. 
Ce/qe=l/b.qm+Ce/qn (3) 
Where qe is the equilibrium capacity of Pb on adsorbent (mg/g), Ce is the equilibrium 
concentration of lead solution (mg/L), qm is the monolayer adsorption capacity of 
adsorbent (mg/g), b is the Langmuir constant (L/mg) which is related to free energy of 
adsorption. A plot of Ce/qe vs. Ce at different temperature is shown in fig. 6.6 and the 
values obtained are given in table 6. 4. 
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Fig 6.6 Langmuir Isotherm 
Freundlich isotherm is applied for multilayer adsorption on heterogeneous adsorbent 
and it is assumed that adsorption sites increases exponentially with respect to heat of 
adsorption and Freundlich equation is an empirical equation. The linear form of 
Freimdlich equation is given as [25]. 
log qe =log Kf+l/n log Ce (4) 
Where Kf ((mg/g) (L/mgf"'^) and 1/n are Frendluich constant related to adsorption 
capacity and adsorption intensity respectively. The plot of log qe vs. log Ce at 30 *^C is 
shown in fig. 6.7 and the values of the constant and R^  values are given in table 6.4. 
The value of n and correlation coefficient (R )^ predicts the feasibility and favorability 
of adsorption isotherm. 
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Fig 6.7 Freundlich Isotherm 
Heat of adsorption and the adsorbent-adsorbate interaction on adsorption isotherm 
was studied by Temkin and Pyzhev [26]. The Temkin isotherm equation is given by 
Qe=RT/bxln(K,Ce) (5) 
The linearized form of equation is 
Qe=BilnK,+BilnCe (6) 
Where Bi=RT/b, T is the absolute temperature in Kelvin, R is the universal gas 
constant (8.314 J/mol K), Kt is equilibrium binding constant (L/mg) and B| is related 
to heat of adsorption. A plot of In qe vs. In Ce at different temperature is shown in fig 
6.8 and the values of constant are given in table 6.4. 
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Fig 6.8 Temkin Isotherm 
The Dubinin-Radushkevich isotherm (D-R) is more general than the Langmuir 
isotherm, because it does not assume a homogeneous surface or constant sorption 
potential. The D-R Eq. is described as follows [27]. 
In qe = Inqm-pe (7) 
Where, P is a constant related to the mean free energy of adsorption per mole of the 
adsorbate (mol / KJ ), qm is the theoretical saturation capacity, and e is the Polanyi 
potential, which is equal to RT In (1+ (1/Ce)), where R (8.314 J mof' K~') is the gas 
constant, and T is the absolute temperature. A plot of In qe vs. ^ at different 
temperatiire is shown in fig 6.9. The adsorption isotherm studies shows that data in 
case of Pb^^  ion is fitted well with Freundlich and Temkin isotherm whereas in case of 
combination of metal ion it follows the Temkin isotherm. 
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Fig 6.9 D-R Isotherm 
Table6. 4: Adsorption isotherm of Pb^* ion for 30° C 
Langmuir 
isotherm 
Pb 
Pb+Cu+Ni+Cd 
Freundlich 
isotherm 
Pb 
Pb+Cu+Ni+Cd 
Temkin 
isotherm 
Pb 
Pb+Cu+Ni+Cd 
D-R isotherm 
Pb 
Pb+Cu+Ni+Cd 
Qm 
53.19 
50.5 
1/n 
0.49 
0.43 
B, 
21.70 
10.36 
Qm 
29.26 
35.8 
b 
0.13 
0.41 
kf 
9.18 
14.28 
Kt 
-7.16 
4.01 
P 
0.403 
0.315 
R* 
0.8647 
0.8809 
R* 
0.9673 
0.8409 
R* 
0.9521 
0.9083 
R* 
0.7867 
0.8116 
3.5 
The Freundlich type adsorption isotherm is an indication of surface heterogeneity of 
the adsorbent, while Langmuir type isotherm demonstrates surface homogeneity of 
the adsorbent. This leads to the conclusion that the surface of adsorbent is made up of 
small heterogeneous adsorption patches which are very much similar to each other in 
adsorption capability. This study found that metal uptake differences in adsorption 
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capacity are due to the individual properties of each adsorbent, such as structure, 
functional groups and surface area [28] 
6.3.6. Adsorption Kinetics 
In order to examine the controlling mechanism of adsorption process various 
models such as Pseudo first order, pseudo second order kinetics, intraparticle 
diffusion and Elovich equation were used to test the experimental data. 
The pseudo-first-order equation given by Lagergren [29] was widely used for the 
adsorption of liquid/solid system on the basis of solid capacity. Its linearized form of 
equation is 
log (qe-qt)=logqe-K,t/2.303 (8) 
Where qe is the adsorption capacity of heavy metals (mg/g), q, is the adsorption 
capacity at time t (mg/g); Ki is the rate constant (min''). The values of Kj and R^  at 50 
mg/1 for Pb^* and combination of metal ions were calculated from linear plot of log 
(qe-qt) vs. t as shown in fig 6.10 and are given in table 6.5. The calculated values of 
qe does not match with the experimental values of qe and R^  values are also low, so it 
does not follow pseudo first order kinetics. 
time(min) 
Fig 6.10 Pseudo 1*' order 
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Therefore, the kinetic data were further analyzed by using pseudo second order 
kinetics equation. The linearized form of equation is as follows [30] 
t/q, = t/qe+l/K2qe^ (9) 
Where qt is the amount of metal ion adsorbed (mg/g) at given time t (min), qe is the 
amount of metal ion adsorbed at equilibrium (mg/g) and K2 is the second order rate 
constant for adsorption (g/mg min). A plot of t/qt vs. t is shown in fig 6.11. The results 
were compared with the correlation coefficient (R )^ as are given in table 6.5. The R^  
value for second order is highest as compared to first order kinetics. The qe (exp) 
value of second order also agreed well with the qe(cal) as compared to first order 
kinetics and therefore, the data is best followed the second order kinetics in both the 
cases. 
12 
10 
CT 
^ 4 -
0 
-
• Pb 
• Pb+Cu+Ni+Cd 
1 
50 150 200 100 
time(min) 
Fig 6.11 Pseudo l"** order 
The kinetic data were analyzed by the intra particle diffusion model to elucidate the 
diffusion mechanism [31]. 
1/2 q,= Kidt"^ + C (10) 
Where Kid (mg/g min"''^ ) is the intra-particle diffusion constant and q, is the 
adsorption capacity at time t (mg/g). The value of Kid, C, and R^  were calculated from 
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the slope of plot qt vs. t"^ as shown in fig 6.12 and given in table 6.5. The value of 
intercept gives an idea about the boundary layer thickness i.e. larger the intercept; 
greater is the boundary layer effect [32]. It is seen from the table 6.5, the value of 
intercept is not zero but high and increases in the case of combination of metal ions. 
This result implies that boundary layer diffusion is the rate controlling step for the 
adsorption process and it is dominant when Cu ion concentration is higher. 
25 
20 
15 
10 
^ 
- • - P b 
-•— Pb+Cu+Ni+Cd 
100 200 300 400 500 600 
t1/2 
Fig 6.12 Intraparticle diffusion 
The adsorption data was further tested with the Elovich equation which is expressed 
as [33]. 
Qt =A +B In t (11) 
Where A and B are Elovich constant. The values of A, B and R^  are calculated from 
fig. 6.13 and given in the table 6.5. From the table 6.5, it is evident that the 
experimental data is best followed by pseudo second order kinetics in both the cases. 
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Fig 6.13 Elovich Equation 
2+ Table6.5: Kinetic parameter of Pb ion 
pseudo 1st order 
qe(cal) 
qe(exp) 
Ki 
R2 
pseudo 2nd order 
qe(cal) 
qe(exp) 
K2 
R^  
intraparticle diffusion 
Kid 
C 
R2 
elovich equation 
A 
B 
R^  
50ppm 
Pb 
5.33 
18 
0.10824 
0.9744 
18.11 
18 
6.3807x10' 
1 
0.0294 
14.98 
0.8184 
14.274 
0.8129 
0.8444 
50ppm 
Pb+Cu+Ni+Cd 
2.88 
23.5 
0.0693 
0.9905 
23.58 
23.5 
25.045x10' 
1 
0.018 
21.393 
0.9143 
20.776 
0.584 
0.9112 
6.3.7. Effect of ionic strength 
The effect of ionic strength for the lead ion was studied using O.IN NaNOs, 
O.OOIN NaNOa, and 0.5 N NaNOs solutions. The percent adsorption was observed 
more in the case of O.IN NaNOa. It also suggested that increasing electrolyte 
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concentration can cause screening of surface negative charges by the electrolyte ions 
leading to a drop in the adsorption of the metal ions [34].Therefore, a decrease in 
adsorption of metal ion with increasing ionic strength of electrolyte implies that 
increasing ionic strength is making the potential of the adsorbent surface less negative 
and thus would decrease metal ion adsorption [22] 
6.3.8 Thermodynamic studies 
The thermodynamic factors were studied in the temperature range of 303-323 K. The 
thermodynamic parameters such as enthalpy change (AH"), entropy change (AS°) and 
Gibbs free energy change (AG°) were estimated using the following reactions [35]. 
Kc=Ca/Ce (12) 
AG° = -RTlnKc (13) 
Where Kc is the equilibrium constant, Ce is the equilibrium concentration in solution 
(mg/1), Ca is the solid phase concentration at equilibrium (mg/L). AH° and AS" were 
determined by Van't Hoff equation: 
log Kc =AS°/2.303R -AH°/2.303RT (14) 
The values of AH° and AS° were obtained from the slope and the intercept of the plot 
log Kc vs. 1/T as shown in fig. 6.14 and presented in table 6.6. The values of AG" are 
negative confirming the adsorption of Pb and combination of metal ions onto 
adsorbent as spontaneous and thermodynamically favorable at high temperature. The 
positive value of AH" indicates the reaction to be endothermic in nature. While the 
positive value of AS° indicates randomness at solid/liquid solutions interface during 
adsorption of Pb^ "^ . It was observed that the values of AG°, AH° and AS° were higher 
in quaternary system as compared to single system. 
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0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 
1/T 
Fig 6.14 Log Kc vs 1/T 
The magnitude of activation energy explains the type of sorption. Two main types of 
adsorption can occur, physical or chemical. In physical adsorption, the equilibrium is 
usually attained rapidly and easily reversible, because the energy requirements are 
small. The activation energy for physical adsorption is usually not more than 4.2 
KJ/mol, because the forces involved in physical adsorption are weak. Chemical 
adsorption is specific and involves forces much stronger than physical adsorption. 
Therefore, activation energy for chemical adsorption is of the same magnitude as the 
heat of chemical reactions [36]. A plot of In k2 versus 1/T gives a straight line, and the 
corresponding activation energy was determined from the slope of linear plot as given 
by Arrhenius relationship [37]. 
lnKc=-Ea/RT + lnKo (15) 
The value of activation energy is found to be 20.60 KJ/mol K and Ko is found to be 
17.931 for lead ion; whereas in case of combination of metal ions is found to be 19.06 
KJ/mol K for activation energy and 21.33KJ/mol for Ko. 
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2+ . , Table 6.6: Thermodynamic parameter of Pb ion 
ions temp(K) AG°(KJ/mol) AH°(KJ/mol) AS°(KJ/molK) R^  
Pb 
Pb+Cu+Ni+Cd 
303 
313 
323 
303 
313 
323 
-4.176 
-5.18 
-6.55 
-6.151 
-7.13 
-8.51 
4.25 0.081 0.8642 
19.28 0.0835 0.9158 
6.4. Desorption 
The desorption of lead ions were carried out using O.IM HCl and O.IM acetic 
acid. It was found that more than 90% of Pb^^  ions are desorbed by 0.1M HCl. 
6.5. Conclusion 
The mentha treated carbon (MTC) is proved to be a good adsorbent for the removal of 
Pb^ ^ from aqueous solution. The equilibriiun was attained in 180 mints. The 
maximum adsorption was observed at pH 6. The adsorption isotherm studies shows 
that data is fitted well with Freundlich and Temkin isotherm in single system whereas 
in case of quaternary system it follows the Temkin isotherm. The kinetics data shows 
that boundary layer diffusion is the rate controlling step for the adsorption process and 
it is dominant when Pb^^  ion concentration is higher. The adsorption of Pb^* increases 
with the increase in the ionic strength of the solution. The positive value of AH" 
indicates the reaction to be endothermic in nature. While the positive value of AS*' 
indicates randomness at solid/liquid solutions interface during adsorption of Pb^ "^  ion. 
The value of activation energy is found to be 20.60 KJ/molK indicating the process to 
be chemisorption in nature. 
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Abstract This study explored the adsorption behavior of Cu^ "^  onto iron oxide coated eggshell 
powder (lOESP) from aqueous solution. The effect of various operational parameters such as 
pH, contact time, initial adsorbate concentration, surfactant, and temperature on adsorption of 
Cu^* ions was mvestigated using batch adsorption experiments The optimum pH for Cv}* 
adsorption was found to be 6 0. Kinetics of adsorption was found to follow the pseudo-second-
order rate equation. The suitability of Langmuir and Freundlich adsorption models to the equilib-
rium data was investigated. The adsorption was well described by the Freundlich isotherm model 
indicating the presence of heterogeneous sites for Cu^* adsorption. The adsorption of C\i^* was 
increased in the presence of anionic surfactant (SDS) while cationic surfactant (CTAB) shows no 
significant change in adsorption capacity. Thermodynamic parameters showed that the adsorption 
of Cu^ "^  onto lOESP was feasible, spontaneous, and exothermic. Regeneration studies were per-
formed using HCl, HCOOH, EDTA, and NaOH as etuting agent for Cu^* desorption from satu-
rated lOESP and the maximum regeneration was observed with HCl 
G 2010 King Saud University All rights reserved 
Corresponding author. Address: Department of Applied Chemis-
try, Faculty of Engineenng and Technology, Aligarh Muslim Univer-
sily, Aligarh 202002, India. Tel.: +91 0571 2700920 23x3000, fax: +91 
0571 2400528. 
E-mail address olifidraju@gmail.com (R. Ahmad) 
1878-5352 © 2010 King Saud University All rights reserved I'ccr-
rcvicw under responsibility of King Saud University 
doi: 10.1016/j.arabjc.2010.09.003 
1. Introduction 
Copper is considered as one of the most toxic metal and poses 
a {potential threat to the human health and environment, even 
at low concentrations. It has been well reported that the accu-
mulation of copper in human body causes brain, skin, pan-
creas and heart diseases (Veli and Alyuz, 2007) The 
permissible limit of copper is 2.5 mg/L in water Wastewater 
from various industries, such as electroplating, plastic, metal 
finishing, pigments, and mining contains copper. To alleviate 
the problem of water pollution by copper, various methods 
have been used to remove copper from wastewater such as 
chemical precipitation, coagulation, floatation, adsorption, 
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Abstract 
The present study explores the adsorption potential of Mentha piperita (an 
agricultural solid waste) to remove Cu from aqueous solution. Different 
operational parameters such as the effect of pH, surfactant, equilibrium time, 
temperature and initial metal ion concentrations were studied. Maximum 
adsorption of Cu^ * took place at pH range 5.0. Nearly 180 min are required to 
gain sorption equilibrium. The maximum adsorption capacity of mentha was 
72.0 mg g~' for Cu^ "^ . FTIR analysis pointed out the involvement of amine (-
NH2) and carboxylic (-COOH) groups in the adsorption process. Simple 
Langmuir and Freundlich isotherm models were used to explain the sorption 
phenomenon. The adsorption dependence of Cu^ ^ on temperature was 
investigated and the thermodynamic parameters S°, H° and G° were calculated. 
The activation energy of the Cu^^adsorption was calculated using the Arrhenius 
equation. The desorption of the adsorbent was found to be more than 90% by 
O.lMNaCl. 
